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ABSTRACT

Hospitals are difficult buildings to operate, build and design. Their complex mechanical
systems are strictly regulated for performance; design must be carefully planned in
order to improve recovery rates in patients; and operation and maintenance is a non
stop 24 hour and seven days a week all year long task. Besides these unique conditions,
hospital facilities are considered to be among the top consumers of energy in the
commercial sector. Hospital construction adds to the more than three billion tons of
annually consumed raw materials and the 30 percent of CO2 emissions that
construction and use of buildings in all sectors produce in United States. Another
conflict that has generated an interest in the health care sector is that an estimated $300
billion in the next 15 years will go towards new construction in an industry that is not
quite ready to take on the task of sustainability. The industry itself has been facing many

challenges in incorporating green strategies.

The objective of this research is to develop strategies and recommendations for
sustainable hospital construction in the City of New York. Urban sustainability has
become a pressing task on the city agenda already. This paper extracts sustainable
technologies and practices for active systems and material selection for the urban
hospital. Finally, in order to understand and propose changes, a comparative study case
analysis on NYC hospitals was done. The findings allow recognition of areas where
improvement is needed and initial steps could be taken. Among those steps: A more
integrative and collaborative delivery system, smaller pilot projects and/or retrofit
buildings where new technologies and ways of doing business could be tried; better
familiarity with the soon to be released LEED for healthcare system; and more

commitment and leadership by the owner in sustainable practices.
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CH 1. INTRODUCTION

Healthcare facilities are complex building types, interaction between design,
construction and operation need to be optimized to produce the best possible
result for a healing environment. Constructions of these facilities cope with
serious potential consequences to the lives and health of future patients if poor
building design and construction were to occur. Additionally, there are
insurmountable challenges of poor indoor air quality and extensive high energy
consumption environment design concerns. Commonly hospitals are subject to
additions and remodeling, and during construction activity existing areas of
hospital remain functional; strict provisions must be made for these scenarios
including a comprehensive infection-control technique to mitigate construction
operations debris. Healthcare facilities are places where diseases can be spread
easily through airborne particles, for this reason special consideration on
materials and hazardous chemicals inside healing environments must be
carefully selected so patients and staff don’t get sick. These facilities operate 24
hours a day everyday and seven days per week all year long, which requires
special care and provisions for ongoing maintenance, repair work, regular
cleaning, and contribution to overall energy intensity and consumption. Finally,
hospital facilities uniqueness becomes more complex when a new facility is built
in an urban setting. Urban morphology on city climate has direct effects on
energy consumption (Raydan and Steemers 2006). Location, density of building,
land, solar access, location, pollution control, zoning regulations, etc. are few of

the challenges to be considered when building a hospital in a city environment.
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Healthcare industry, considered a largely nonprofit sector, represents almost 4
percent of all U.S construction or close to $47 billion of equivalent market share
in the construction industry, including private and public sectors (USCB 2009).
Projections estimate that in the next 15 years $300 billions will be spent on
healthcare construction (Ulrich and Zimring 2004). These estimates are a
response to the increasing population growth rates in the country as well as the
aging population of baby boomers (USCB 2009). An urgent expansion of the
healthcare infrastructure is eminent as the two above mentioned factors
combined with the recent approved health reform, which extended the coverage
to millions of U.S residents, will put a great amount of pressure to the industry to
build more hospitals and other type of health care facilities. Under an
unprecedented construction boom, the industry is presented with an opportunity
to model green strategies in a time where public policy and advocacy
organizations have already mandate legislation around the country in different
cities and states. Goals and standards need to be expedited in pro of minimizing

the negative impact that construction industry brings to the environment.

It is important that generations of new healthcare facilities develop a rather fast
transformation into green strategies and the culture that goes with it so when
construction starts taking full effect there can be a framework in place for
“sustainable building. The sector as a whole needs to engage in a commitment to
do more and do better. “Brown hospitals” built in the past never fit healthcare’s

acclaimed mission of “first do no harm”. New facilities must start addressing
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environmental areas forgotten in the past such as: reduction of carbon dioxide
emissions, construction waste minimization, improvement on generation and
transmission of energy; better water management and consumption techniques
and more appropriate handling of natural resources allocation. Architects,
engineers and construction industry (AEC) need to work, for all practical
purposes, closely together so they can more effectively predict and avoid

conditions that bring problems to future generations.

The opportunity that comes with a construction boom and the challenges
associated with transitioning to sustainable practices become more difficult when
construction takes place in an urban setting. Nevertheless, many metropolises of
the world count with convenient factors for development of hospitals building
types: density, efficient public transportation and extensive infrastructure are all
desirable. The problem comes when comparing cons and pros of dense cities.
Environmentally thinking, the cons are much bigger and significant. In cities,
microclimate has significant effects on energy consumptions; urban heath island
effects are common, sanitary and storm water management becomes more
critical; limited water supply is a reality; limited land and hostile plant
environments start to creep up as a major requirement; poorer air quality and
less than optimal soils for vegetation becomes more important; and the
congested underground utility infrastructure can also make the construction of

buildings a nightméré (Stéem‘eré 2006).
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Under the scenarios that healthcare construction is facing, this paper seeks to
first: find out the current state-of-the practice in the health care construction
building and second: to elaborate recommendations and strategies for
sustainable practices applicable to the private builders of New York City

hospitals.

Having said this, the city of New York (NYC) will be one more variable in the
development of the thesis. NYC faces a growing population density and it is
already a environmentally challenged city (CEQR 2008). In addition, studies
have shown that sustainable construction of healthcare facilities is still in its
infancy (Guenther and Vittori 2008). This paper is an effort in highlighting the
importance of documenting good practices and developing sustainable strategies

that can be applied to this sector in city environments.

New York City is chosen because it is one of the cultural and academic capitals of
the world and tends to attract more sophisticated builders and architects. It was
also chosen because the researcher of this thesis works in the industry and
through his career in the sector has recognized the lack of documentation in

green strategies tailored to the nonprofit sector in NYC.

The construction constrains and challenges that this city embraces are also a
factor for creative and innovative characteristics for the AEC industry players.
However, in an environment like NYC talent cannot be the only solution to the

problem if communication and effective work platforms don’t exist. Studies and
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professional organizations agree that current delivery methods have a structure
that encourages adversarial and fragmented relationships as well as promoting
non-collaborative processes (AIA CA Council 2007 ; Kiber 2004 ). Although some
research have been done on recognizing successful key processes in delivering of
green buildings, there is still a gap in the healthcare construction sector (Phelps

et. al 2005; Pommer 2008).

Sustainable building is a relatively new concept for the healthcare

industry(Guenther and Vittori 2008), and it requires early interaction and
collaboration of all stakeholders during the full duration of the project. An
integrated design approach that includes owners, architects, engineers and

builders is crucial to build a green hospital in New York City.

Current literature has shown that there is negative trend in the construction
industry towards adopting new technologies and ways of building (Autodesk
White Paper 2004). Factors such as lack of experience, lack of data documenting
success; fear of liabilities implications, risk allocation uncertainties; new
responsibilities and greater expectations; negative perception of being more
expensive; and passive behaviors based on the “no change is needed” are some of

the common barriers that industry as a whole faces (Kent and Becerik 2010).

This paper finds that an integrated approach 's‘ystem hints to be the answer to
successfully implement sustainable technologies. An integrated design defies the

traditional delivery process by bringing together early in the project all key
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stakeholders (owner, designers, builders, users, operators, etc.) to empower and
foster them into understanding and developing needs, goals, expectations and
key elements of project design, construction and even operation. The process is
fundamentally different from traditional delivery methods. It looks at
augmenting performance in sustainable practices so operation cost can be
reduced, first capital costs neutralized and environmental damage diminished so
when a cost analysis is performed it favors it in the long run. The biggest
challenges exposed in this paper include resistance to changing to a new culture,
to a new definition of team and processes, to a new form of communication and
tools, an to a new mindset. Opportunities to develop a more collaborative
working platform will be discussed so sustainable water, energy and material

selection sustainable techniques can be considered without skepticism.

This thesis will add knowledge, tools and hard data concerning integrative
design, technologies and delivery process in hopes that the movement of change

becomes less stringent and more accepted.

The following sections will discuss problem statement, objectives, purpose of this

research and its justification.

1.1 Purpose of the Research

This research aims to investigate existing healthcare practices around the country
implementing sustainable practices and integrated design techniques to achieve

reductions in energy use, management of green materials and miscellaneous
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sustainable technologies that can be economically viable and life cycle cost
effective for a city like New York. Analysis and extraction of data from literature
and academic research in the sector; structure interviews with experts in the
field; content analysis and qualitative survey of existing sustainable practices and
a comparative study case approach will give professionals in the construction
industry concise data on knowledge and experience levels on sustainability
practices in the sector. Structure interviews and content analysis of procurement
and design documents in under construction hospital in NYC will lead to a
prescription of NYC state of the practice in the delivering of green hospital
buildings. The comparative analysis will be performed between NYC sector and
best documented practices in the sector, the result of data analysis will lead to
recommendations. The research hopes to uncover barriers for adoption of
integrated sustainable design practices as well as to develop fields for further

research.

1.2 Scope of the Research

The limits of this thesis will try to expand on the literature gap of green
healthcare construction in urban cities. Best Practices and sustainable strategies
have not been documented or/and researched extensively (Harman et al. 2006) .
The lack of documentation and knowledge on this field is one causes for sector’s
slow adoption (Kent and Becerik-Gerber 2010). It is important to emphasize that
' t.h‘e healthcare sector is still in the midst of the green revolution (Guenther and
Vittori 2008 ) and in essence it is this circumstance the main driving force for

this paper. The scope of the paper will be limited to the nonprofit sector in New
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York City; however, the recommendations and information can be used as a
guide for other urban areas. Specific areas will be researched closer such as:
Energy, HVAC, and water system sustainable technologies; delivery construction
methods will be of great importance as they are the platforms allowing systems to
get build and take green shapes. Life Cycle cost analysis and business case studies
are not part of the thesis research either. They are only mentioned as a possible

benefit.

1.3 Objectives of the Research

The goals for this thesis are several. One of them is to provide members and
professionals of the construction industry in New York City with current available
techniques and key ways to achieve sustainable performance in hospital
buildings. Another goal is to obtain data from the nonprofit sector in NYC
regarding current state-of-the practice so it can be analyzed and compared to best
practices in the country. This exercise will lead to a methodology tool that can be
revised and expanded as more data becomes available. Stakeholders in the
industry can use this thesis as a first step to reconsider their role and
opportunities in the green building movement. Finally, this paper seeks to
provide a general understanding of key processes and current barriers in the

delivery processes of sustainable healthcare facilities in NYC.

1.4 Research Justification“ '

The general market has gone through a relatively rapid “green-thinking”

transformation in the late years of the 20t century prompting a new level of
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recognition and acceptance of sustainable design during this new millennium
(Yudelson 2008 ). Ironically, the healthcare sector, whose main mission of “first
do no harm”, fell through the cracks during the last construction boom in the
early 20t Century, by no recognizing the damage of their buildings to the
environment(Berkebile in Guenther 2008 ). Healthcare today is still in the midst
of this transformation. In the last decade there has been an interest in the
residential, commercial and municipal sectors on sustainable building. A clear
example is the interest fueled by the leadership of the US green building council
(USGBC) and its LEED point-based metric tool acceptance during these last 10
years. Exponential growths trend in application has been experienced these last
five years (Yudelson 2008 ). Even today, with more buildings registering as
LEED, public policy developing legislation; executive orders and mandates
pointing LEED as the chosen benchmark for sustainable performance,
Healthcare sector does not catch up to the movement. One reason can be the
incompatibility of hospital nature with current version. To explain this conflict, it
is fair to start by saying that LEED tools were developed to tailor the residential
and commercial sector. When comparing a hospital operation and maintenance
with a residential building the differences are infinite. Simply put, LEED was not
custom made for healthcare buildings. As of today there is no an official LEED
package customized for the sector. Although there is a LEED for Healthcare in
the works of being revised and close to be released, hospitals are considering
LEED unless it presents a business case opportunity or simply Bééausé it is the

law.
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This gap on benchmark metrics in the sector started to narrowed five years ago
with the introduction of the Green Guide for Health Care, an excellent voluntary
and self certifying tool kit customized for all types of healthcare facilities (GGHC
2009). Given that it was only five years ago when movement started it can be
assumed that the movement is still in a process of evolution. In the guide, there is
no really a define insight or set number of credits as to what is considered high,
medium, platinum, gold or whatever denomination one might issue to
benchmark a “sustainable practice.” But it does provide a good guidance to

important sustainable principles.

Conflicts of this type drove the writer to consider this topic. As a professional
working in the industry for two years now, he believes that an initial step to
consider sustainable practices in today’s market is by documentation, data
development, analysis and research that can produce “hard data” and concise
results so owners can make something out of it when buying a designer and

builder for their project.

Today, the barriers for a full sector transformation are numerous and very real.
These will continue to creep up as more buildings get build under uneducated
decisions on a market that soon will be mandated to be more resource conscious
under pressuring city environmental agenda. Stakeholders need data soon and
justified assurance that sustainability practices don’t really cost more; and that

there is more than costs and money behind sustainable buildings.
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The opportunity to study the New York City market presents an interesting study
case: As buildings become more complex, legislation and policies become stricter
in order to regulate buildings and their impacts in the city. Mayor Bloomberg has
already executed order legislations to city agencies for sustainable advocacy in
new construction of city buildings, there is also a comprehensive plan to reduce
30 percent of carbon emissions below 2005 levels by 2030; the plan has specific
goals in infrastructure and the energy sector. Some sectors, under the wave of
LEED have moved towards the right direction, however, some sectors have not
and some need to do more. The AEC industry faces enormous pressure to meet

cities’ needs and to preserve resources for future generations.

1.5 Problem Statement

New Hospitals replacing “brown” facilities or additions need to be developed in a
different manner. They also need to be built fast given the population growth
trends and the new major health reforms for expansion in the sector. Sooner
than later, they need to make up for the negative impacts of existing facilities
while meeting infrastructure demand ruled by the new health reform and

construction estimates in the next decades.

In the sector of ecological and carbon footprint, methodologies have been
developed to assign productive land and water acre aréas to human population
resources consumptions equivalences. The more resources consume the larger
productive land and water areas are needed to counteract consumption. Results

for Healthcare sector are rather negative, and more if taken into account the
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main mission of hospitals (GNF 2008). Hospitals in general have a bigger
footprint than their communities they serve (National Health Service), European
studies on the largest health care system in England concluded that both Energy
usage and building mechanical system demand are the biggest contributors of
CO2 of this building type. Both energy and mechanical systems are also the
crucial element for hospital operation. The intersection of these two priorities

into an environmental issue is a major problem.

Environmental challenges are not the only roots driving the green movement;
other pressuring factors are in the run as well. One of them is the estimated
boom of construction in the sector, a$300 billion projections for the next decade
is allocated to expand healthcare facilities. The other one is a 40 percent
projected population growth in the U.S. for the year 2040. The scenario is set so
in 30 years there will have to be more buildings handling demand of growing
population. Along with an expansion of health infrastructure there is a potential
to contaminate the surrounding ecosystems and consume earth’s resources faster
is those buildings are not built environmentally friendly. The Global Footprint
Network (a leading organization on ecological footprint metrics) predicts that by
2040 there would be the need of having to two planet ecological services to keep

up with the current rate of humanity consumption.

Under this scary scenario, it does not only make sense to distribute and dissipate
these facts and problems to the unaware world; but to act in any way so that at

the very least there is a change of mindset. This paper aims to document current
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state, pressuring problems, and strategies or recommendations for anyone
interested in the field of discussion. As more frameworks and roadmaps get
developed for selection of green technologies or processes in delivering buildings
the bigger the momentum will be. Until these researches and validation of
practices don’t get published, challenged, enforced, documented, dissipated and

analyzed the industry will always be reluctant to change.
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CH 2. FRAME WORK METHODOLOGY

The methodology adopted in this study for achieving the objectives in this thesis
consists in content analysis of related literature, academic research and
documented best practices in order to extract sustainable technologies in three
areas. A study case approach under a pattern matching and multi-attribute
analysis was used to explore and predict the state of the practice in NYC market.
Below there is an outline of methodology steps. Appendix F, figure 1.F depicts

the below methodology as well.

1. Conduct background study > Literature review on sustainability
Principles, Healthcare footprint and
l environmental Challenges.
2. Sustainable areas are identified > Chapters on active systems,
Materials, integrated delivery
l methods

3. Research on active sustainable
technologies, sustainable materials
Delivery methods.
4. Extraction of Recommendations in
each chapter based on urban and
hospital criteria.
5. NYC Study Case
Content Analysis, Interviews, Tademic Research, Observation .

Criteria for Green Hospitals developed

Attributes and characte{'istics for each Criterion
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Multi-Attribute Matrix Developed—> Interviews, Content Analysis, Findings and
AcademiclResearch

Data collection for each attribute (Pommer’s Model)> Ranking
Pattern Matching-Analysis

Dismission

6. Recommendations and Conclusions
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CH 3. UNDERSTANDING THE CONCEPT OF

SUSTAINABILITY

3.1 Sustainability Development

One of the most accepted definitions found in literature on sustainability falls

inside the lines of the United Nations’ 1987 Brundtland Commission Report:

Sustainable development means to “. . . meet the needs of the present
without compromising the ability of future generations to meet their
needs.”

The statement underlines the importance on responsibility of one generation
with regard to their future generations; it also implies that future generations
should have an automatic entitlement to a healthy environment. A responsibility
today to entitle tomorrow’s is how sustainability becomes a process.
Sustainability is a process seeking to minimize negative impacts on eafth’s
natural resources too. Three elements are bonded with natural resource
preservation: Social, Economic and Environmental dimensions. Natural
resources mishandling can liquidate any economic system, break down society
and extinguish the environment. The fragility of compromising our resources is
that all three dimensions are interconnected, so when one goes the other ones do

too.



3.2 Economic, Social and Environmental Dimensions

At the current rate, Earth resources are being consumed 20 percent faster than
their ability to support renewal (valentine 2004). Being this the case, today
humanity is not taking one step forward but rather two backwards. In order to
neutralize a dangerous counterproductive situation, global action is necessary
much sooner than later. An irresponsible action today can later signify that our
future generations will have to deal with food, water, climate, biodiversity and

pollution crisis much sooner.

It is important that the connection among these three dimensions allows

corporations; governments and institutions realize that economic policies or

25

business strategies lacking the social and ecological integrity are not economically

viable over long terms (Guenther and Vittori 2008). In the U.S some policies
have realized that sustainability success is associated with satisfaction of basic
economic, social and security parameters (EPA 2006) in such way that
tomorrow’s natural resources and environmental quality on which life depends

does not get undermined. Furthermore, The US Environmental Protection

Agency (EPA) defines successful business policies in its sustainable plan as those

strategies that have the capability to adapt to variability so and anticipate and

manage risk without compromising profit (EPA 2006).

Whatever the sector or circumstance might be, it seems that to develop
sustainability performance both environmental protection and economic

development must go hand on hand. Depending on that interaction, trade-offs
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between welfare of people today and the welfare of people tomorrow are
determined. Another good example on the importance of the triple dimension is
seen in EPA’s 2006-2011 stfategic plan, where it proposes to work on “[an]
Improvement of understanding earth systems to better protect human health,
manage natural resources, and design cost-effective and sustainable policies”.
The goal converges on the interaction among economics, social and
environmental principles. EPA’s Strategic Plan serves as the Agency’s road map.
It guides them into establishing the annual goals they need to meet along the
way. It helps them to measure how far they have gone toward achieving their
strategic goals and recognize where they need to adjust. The fact that one of the
most important U.S environmental agencies like the EPA aligns its policies with a

triple bottom approach shows that awareness and advocacy has already started.

2.2 Six Kev Natural Resources

Water, air, land, energy, materials and ecosystems are earth’s essential resources.
All six resources are constantly affected by a host of externalities related to
economic growth, demographic changes, and energy use and demand. For
example, general economic policies are aligned with society quality of life so

growth in one reflects the well being of the other.

Countries are learning that sustainable environmental polices are an essential
component of sound economic growth. Some public agencies have agreed with

this thought and included in their policies (EPA 2006). Natural resources are a
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priceless commodity. and as such, it should be considered of national priority.
Countries that do not consider it as such will see how their profits will be going
into resource acquisitions, pollution management; water and energy

management and ecological damage restorations.

In the U.S,. Population growth trends for the next decades increase the pressure
of allocating resources while preserving a reserve for future generations. With
more people and more demand on resources renewable sources are of paramount
importance. For example, energy demands will increase as water resources
decrease, this logic of scarcity is a typical “effect-cause” across all other resources

including energy and water.

The following must be true: Energy needs to be generated clean and used
efficiently, air has to be kept clean and healthy, water must be sustained at
potable quality and readily available all while making provisions for generation
growth and capacity allocation; materials will need to continue shifting towards
environmentally friendly; land and ecosystems need to conserve and protect

sensitive areas as well as to restore ecosystem functions goods and services.

It is important that the healthcare sector foresees these challenges so future
buildings can continue providing services to the aging population at lower
resource consumption. United States has the biggest healthcare system in the
world (Green Health Center 2004), and current trends show that it is embarked

in a construction boom for the next couple of decades. In addition, over the next
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30 years U.S. per capita GDP is expected to increase by 60 percent according to
the US Census Bureau., the same agency expects U.S population to increase 40
percent by 2040 and 100 percent by 2100. The panorama outside U.S shows a
growing trend too, with projections of fast growing developing economies such as
Brazil, Russia, India and China (BRICs) to increase nearly tenfold in the same
period (USBC). Population growth around the globe drives construction, and
within the construction there will be hospitals and medical facilities to get built.
Before major construction starts in the sector the industry needs to be in ready to
affront a different mindset. Efforts in the U.S are heading to the right direction,
but more and better needs to be done first locally and then in all sectors: both
internationally and in all industries. Resource allocation must then be
administered proportionally so it can be distributed in a balanced way to the

world demands.

Unfortunately, healthcare has been slow in jumping to the green movement; it is
a potentially large market that is still in its early stages. Healthcare facilities are
by themselves a heavily regulated industry if not the most regulated sector in the
U.S (CATO 2007), it is probably why these new waves of regulations and needs
for higher performance buildings are slowly penetrating inside hospital’s board
rooms. Some hospitals are still try to comply with their traditional regulations

before considering new ones.
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2.4 Resource-Conscious Design and Construction

One question arises when society ask itself how to manage a problem if we can’t
measure the magnitude of it. To put a number or a quantitative benchmark
method to inestimable benefits is a hard thing to do. Nonetheless, metrics of
some kind need to be developed in order to guide action plans to act in pro of the
biosphere. If metrics or frameworks are not in place is impossible to chart a

sustainable plan in the construction industry (Guenther and Vittori 2008).

Governments, businesses and institutions have started to develop metrics so
plans can be guide to the right direction. Footprint methodologies are one of
those efforts. It is a comparative analysis as a way to establish tangible
measurements in how much damage is created by humans’ actions. The
methodology was conceived in 1990 by Mathis Wackernagel and William Rees at
the University of British Columbia, the methodology is now in wide use by
scientists, businesses, governments, agencies, individuals, and institutions to
monitor ecological resource use and advance on sustainable development (GNF
2008). It consist on ecological capacity metrics, that is, a determinate amount of
biologically productive land and water area is set to be an equivalent unit to
human population consumption rate. In 2001 this methodology estimated that
the earth capacity yielded 2.2 hectares per person of biologically productive water
and area. In that same year the rate at which human population was consuming
resources yielded 1.8 hectares per person, already a deficit of .4 hectares had been
seized. It is considered that in the 90s human population started to deplete

resources faster than earth’s renewal capacity. In the U.S, that same year of 2001,
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the per capita footprint was equivalent to 9.6 hectares. This means that
Americans were creating a deficit of ecological services of five times earth’s
capacity (GNF 2008)Studies of these types allow to measure damage in a
quantifiable approach allowing quantitative correction target goals through

pollution prevention programs, and sustainable processes. .

An enormous pressure on the construction sector of the U.S exists, rising
population and increasing depletion of resources are two areas of major concern.
40 percent of CO2 releases into the atmosphere are held against the construction
industry (Worrell et al. 2001), a similar percentage is held for energy resources
and a 16 percent of water consumption was allocated in 2006 (Seneviratne 2007).
In a yearly basis, medical facilities will be building 70 to 75 million square feet
starting 2005 (Vittori 2002), this trends need to often be revised against their
environmental footprint impacts. Organizations such as the Health Care Without
Harm and the Center for Health Design, two organizations representing
hundreds of sustainable advocating hospitals are already making progress in this
field. Their work is not documented in detail in this paper but significant
progress and ideas can be read in their publications on the American Society of
Healthcare Engineers journals or publications in their websites. As more
hospitals move into this direction the task will be easier to manage, today

however, the task at hand is overwhelming for the current advocating groups.
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The following section outlines importance of Earth’s resources and construction’s
negative impacts. Both, the urban context and construction of healthcare

facilities drive this discussion.

3.4.1 Land Use

Sustainable land use is based upon the principle that land, especially
undeveloped, natural, or agricultural land, is a precious finite resource, whose
development should be controlled and minimized (Franklin and Durkin 2008).
In an urban setting, planning land and green spaces is essential to minimize
urban sprawl. Sprawl can lead to overdependence on automobiles for
transportation, excessive fossil fuel consumption, and higher pollution levels
(Raydan and Steemers 2006). Land has the advantage that can be recycled and
can restore. Cities around the world have realized this and acted on. Development
of disturbed land, such as industrial zones, has been re-planed and designed to
promote economic and social development in areas that otherwise would have

never enjoy development.

Traditional site development has led hospital to follow the same approach of
commercial buildings: such as choosing locations near main traffic arteries at any
cost and in lieu of advocating policies for smart growth or more responsible land
planning and public transportation. Examples of traditional planning design can
include the construction of impervious surfaces like roads and rooftops, these
operations are responsible to the degradation of watef qﬁality, inéfeaéing of
runoff volume, stream sedimentation, water acidity, and altering of regular

stream flow and watershed hydrology. Better planning development for site
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selection is to locate building on areas with fragile or degraded ecosystems so

they can have the opportunity to be restored.

3.4.2 Water

Potable water is one of the most precious resources. Its availability can be the
limiting factor for development and construction in many areas of the world.
Climate alterations produce changeable and unpredicted weather patterns that
can threaten the further availability of water (Guenther and Vittori 2008). Water
resource is mainly obtained from existing ground and surface water supplies,
when water is contaminated at the source in can be economically and chemically
unfeasible to reverse damage. Water as a natural resource faces challenges, the
waste and misused of water adds to the degradation of aquatic water by
disturbing the balance of water to nitrogen and phosphorous and further limiting

the oxygen to aquatic life.

If the current global trend continues electric power plants and the energy sector
will be impeded to expand and the supply for future generation in the next 20
years (DOE 2006). Water conservation and alternative techniques and research
need to continue in development of sustainable and more efficient water usage.
An example of innovation has been the strategies of water recycling and more
effectively rainwater harvesting in office and residential buildings, the same

needs to be done for hospital operations.. Innovations and “resource-conserving”
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thinking have started to penetrate sustainable techniques in buildings
demonstrating savings in management and reduction of environmental impacts
(USGBC 2009). The challenge for healthcare facilities is to take technologies

from other sectors and customize it to its operation nature.

Healthcare sector is consistently within the top ten water users in the
communities they serve (Guenther and Vittori 2008) estimates by Applied
Technologies (One of North’s America Largest distributors of energy
components) and the Hospital Corporation (one of the largest private operators
of health care facilities) estimated that 250,000 to 750,000 gallons of water are
used in acute care setting hospitals every year. In those hospitals, breakdown of
water use is mainly for process applications such as cooling towers, boilers and
chillers, sterilization and sinks in bathrooms and kitchens. Harvest and recycling
of water for this area can be streamlined and made possible at low cost so it can

be an option for hospitals.

Healthcare’s water consumption, however, is minor compared to that of power
plants and other industrial applications. Nonetheless, a large healthcare facility
can have thousand of drains representing an enormous flow of waste water to be
treated. Luckily, commercial and industrial constructions have had good
experiences developing sustainable practice in waste water treatments and the
industry has started to adapt them. The key is that owners make the commitment

and realize the importance of water conservation.
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3.4.3Energy

Energy conservation in an urban setting is best addressed through an effective
building design. Design integration of systems includes: (1) designing a building
envelope that is highly resistant to conductive, convective, and radiate heat
transfer; (2) employing renewable energy resources; and (3) fully implementing
passive design (Karolides in Guenther 2008). Passive design employs the
building’s geometry, orientation, and mass to condition key parameters around
natural and climatologically features such as the site’s solar insulation, thermal
chimney effects, prevailing winds, local topography, microclimate, and
landscaping, all of importance in a city like New York. An integration of these
elements can reduce energy consumption by lowering loads of artificial light and
active mechanical systems for cooling, heating. Modeling software can be used to

run parametric studies in order to determine input of best practices.

Since 30 percent of domestic primary energy is consumed by buildings in the
United States, a search into renewable energy sources has emerged in the
construction industry. Not only renewable sources can be more environmentally

friendly but cheaper in the life cycle of a building (Medved in Santamouris 2006).

According to the National Energy policies estimates indicate that over the next 20
years, U.S. oil consumption will increase by 33 percent, natural gas consumption
over 50 percent, and demand for electricity will rise by 45 percent. The

consequences of the current practices will lead to increase demand to petroleum,
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natural gas and coal, all nonrenewable sources. If America’s energy production
grows at the same rate as it did in the 1990s, the planet will face an ever-
increasing gap on demand and supply. Increases on this scale will require
preparation and action today in all sectors of construction. Practices and current
technology suggests that energy can be reduced substantially in the healthcare
industry (NYC-DDC 2007). More renewable sources and their utilization need to
continue their development so they are easily accessible and economically

feasible to current power needs and technology.

Healthcare sector is a high energy consumer itself. Hospitals, surgery and other
acute care facilities are among the most energy intensive commercial buildings in
the U.S. (ASHE 2002) Energy generation and transmission of the overall system
is relatively inefficient, the source energy is equivalent to 11 percent of all
commercial energy consumption or an estimated 561 trillion Btu of combined site
electricity, natural gas, fuel oil, and district steam or hot water (EIA 1995). The
Commercial Building Energy Consumption Survey (CBECS) calculates energy
usage per square foot area per year to be 250 thousand British thermal units of
energy in hospitals. When compared to other building types in the same criteria,

healthcare comes second to only food service type buildings (EIA 1995).

3.4.4Materials

In material selection and production, reciprocal action with the environment
occurs in two distinct ways. The earth acts as the source of all material resources

and at the same time it is the sink for resource consumption emissions, effluents,
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and solid wastes. This cycle of events has a significant negative impact on the
environment. As a general rule, if the source is being depleted and contaminated,
it is then overused and as a consequence its renewal capacity reduced. In
addition, the process of extraction becomes more difficult and expensive due to

scarcity of the resource.

Hospitals consume materials and resources during construction and related
activities. Reconfiguration and expansions are common in healthcare facilities;
the inclusion of new materials to built environment does too. Materials selection
for healthcare should not only be based on its toxicity and impact on air quality
but also on material’s impact on natural resources and environmental

degradation.

3.4.5 Ecosystems

The ecosystems have an important role to play in human survival. Humans and
animals rely on them for food and water. Construction, manufacturing, waste and
pollution all detrimentally impose extra loads to ecosystems. Ecosystems provide
services on nutrient cycling, climate regulation, habitats, atmosphere gas
balancing, pollination and water regulation. The services of ecological systems
and the natural capital value they produce are priceless to the functioning of the
Earth's life-support system. An estimate monetary economic value of 17
ecosystem services was monetized at $33 trillion worth (Costahzé v199:7)>. Ttis
why is impossible to put a price to the thousand or millions of ecosystems that

the world has.
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On the good side, hospitals that have embarked into the green building
movement see environmental stewardship as inescapable transformation from
the traditional way of hospital buildings. Literature shows that organizations that
engage in green building don’t see it as optional but rather as the common
wisdom (Vittori 2002). Healthcare has a specific mission of healing and curing
people, their actions on building have already started to align toward
environmental stewardship healing as well. That for the most part is a positive

trend in the industry.



38

CH 4. HEALTHCARE’S ECOLOGICAL FOOTPRINT

All footprints — including carbon and ecological footprints — measure
environmental impacts in relation to a set baseline. In the case of ecological
footprint, there is a baseline set to biosphere productive land capacity. In the case
of carbon footprint the metric refers to tons of CO2 in the atmosphere. A
comprehensive footprint assessment takes into account environmental impacts
from both the supply chain and operations in various sectors. A widely-used
indicator of an organization’s environmental stewardship is its footprint.
Because it is hard to put a value or quantity to pollution impact, the idea of foot
printing seems daunting, but it is an essential and valuable tool in assessing an
environmental problem. The Eco-health footprint is a footprint methodology
initiative by the Global Health and Safety Initiative (a main partner of the
Health Care Without Harm and the Center for the Health Design) released 10
months ago with a main the goal of measuring healthcare’s impact on public
health and the environment. Unfortunately during the research of this thesis it
was found that the group opted to end all the initiatives arguing that current
political climate might be a better opportunity to achieve “sector-wide leadership

in environmental sustainability”(GHSI 2010)

4.1 Carbon Footprint

Carbon Footprint is 50 percent of humanity’s overall Ecological Footprint and its

most rapidly-growing component (GNF 2008). The term “carbon footprint” is
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often used as shorthand for the amount of carbon (usually in tons) emitted by an
activity or organization. Currently, there is a great deal of focus on carbon
footprints due to policy discussions on greenhouse gas reductions and targets on
the next decades. However, it is important to remember that carbon footprint
does not consider resource scarcity as their baseline; it only calculates tons of
CO2 in the atmosphere and sets a goal to be met with respect to a baseline yearly

value.

4.2 Ecological Footprint

Ecological footprint methodology establishes an explicit benchmark that
compares earth’s available resources against consumed resources. It directly
measures the amount of biologically productive land and water that it takes to

meet the consumption demands of human population.

A major area of concern developed from ecological footprint studies is on cities.
Although cities don’t make part of a significant portion of land they still manage
to contribute over 70 % of people’s Ecological Footprint (GNF 2008). Urban
environments, more than any other area in the world, have the biggest

responsibility for environmental stewardship.

4.3 U.S Healthcare’s Footprint

There has only been a comprehensive research on pollution metrics for the past
15 years (GHSI 2010). From it, ecological footprint analysis emerged and

although some sectors have been more studied than others, there are studies for
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almost all the sectors. In the healthcare sector a handful of studies have gone
through the methodology. An example is The Dartmouth-Hitchcock Medical
Center (DHMC) in New Hampshire. The results revealed how disproportionate
and large U.S. health care system’s ecological footprint can be. DHMC currently
reported that its ecological footprint is roughly 200 times its physical footprint
(GHSI 2010}). The studied showed that products, transportation and energy
elements made up the 9o percent of physical hospital’s footprint. Kaiser
Permanente (the largest nonprofit organization in the country, serving almost
nine million users) calculated that its direct energy carbon footprint in 2005 was
314,066 global acres, which equated to 0.049 global acres per member, 132 times
smaller than the equivalent 6.6 global acres a person needs to compensate for

his/her resource demands according to the latest footprint results by GNF.

One of the organizations that have engaged in footprinting methodologies to
assist Healthcare organizations on improving overall stewardship is the coalition
of eighteen of the largest, most influential system in the U.S the Global Health
and Safety Initiative (GHSI). Their mission aims to move the healthcare sector
towards making footprinting and standardize this practice in the sector. Their
methodology consists of six major impact categories:

» Greenhouse gases including anesthetic and medical gases,

» Water including process and domestie (potable) and waste water,

» Waste (municipal solid waste, fegula.l.tevdv medical waste, hazardous waste,
electronic waste,

Construction & demolition waste, and recyclable waste),
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« Toxic chemicals,

» Criteria air pollutants, and

* Built land.

The GHSI created the Eco-Health Footprint in 2009. Although it is still in its
pilot state, the Eco-Health Footprint measurement standard addresses
greenhouse gas (GHG) emissions, often using carbon dioxide as the proxy.
Standards for energy and waste are also becoming harmonized within the
healthcare sector. The GHSI and its Eco-Health Footprint Task Group have
worked with Dartmouth-Hitchcock Medical Center to enhance and make their
tool available as a standardized approach for the sector, reflecting current best
practice in the field. Unfortunately during the research of this thesis it was found
that the group opted to end all the initiatives argning that current political
climate might be a better opportunity to achieve “sector-wide leadership in

environmental sustainability”(GHSI 2009)
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CH 5. URBAN ENVIRONTMENTAL CHALLENGES

The earth’s land converted to urban land according to 1991 statistics was
calculated to be approximately a mere .2 percent (Oke 1991) that same year 45
percent of the world’s population lived in those urban settings. Today close to
half of the population must be living in cities. Concentration of population in
small spaces conduces to higher demands for energy, lighting and HVAC
requirements. Further studies estimate that out of the 70 percent global pollution
created by urban cities, almost 45 percent is generated by buildings (Rogers and
Stemmers 2006). These trends are one of the driven forces for advocates of
sustainable movement. The idea of man and environment coexisting in an

equally benefiting mode is stronger in an urban context.

Urban morphology has a direct effect on the urban microclimate and on energy
consumption (Steemers 2006). Environmental issues can consequently inform a
full range of building design decisions, from site planning to detail design. In
general, urban climates are warmer and less windy than rural areas. Cities use
more energy for air conditioning in summer, and more electricity for lighting in
winter. Above all, there are physical parameters that have an effect on city
microclimate and therefore in its design and energy consumption: City size,
density of built-up area; land coverage and building height; orientation, street
geometry, and site specific street layout; Ventilation conditions and solar access;

the dispersion of pollutants in areas close to the building and common urban
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heat island effects are all examples of environmental problems that cities like

New York or Chicago must face.

New York City planning must consider factors in the context of general
topography and adjacent environment. Relations on climate data and orientation
should be modeled first, land use impact to vicinity sites considered, and
environmental conditions of the type traffic and noise pollution should be

minimized.

Construction in NYC is believed to be less energy-efficient (NYC-DDC 2004.), its
weather exposure and microclimate demand more on heating and cooling loads.
“Town cramming” and the large amount of land demanded by private car usage
in urban cities affects urban green spaces allocation (Owens 1998). Scarcity of

land and growth of population in cities can explain the challenges in land use.

Next section outlines some of NYC Environmental challenges.

5.1 NYC Urban Setting and Its Unique Environmental Issues

New York City is a microcosm of the global challenge. As the largest city in the
United States and as one of the largest cities in the world (in the basis of
population and gross domestic product) it is also a global capital of finance,
culture, arts, and the media. In addition, NYC is the biggest energy consumer in

the state of NY (NYC-DDC 2004.) at almost $500 million annually on heat, light
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and power. As a metropolis, NYC must deal with growth in population and land
size limitations; aging infrastructure and unique environmental issues giving its
location and past developments.

A discussion on key environmental issues and future challenges follow below.

5.1.1Climate Change

Although climate change is a global matter, local environments such as NYC are
experiencing warmer and more unpredictable weather. A report from the
Inventory of New York City Greenhouse Gas Emissions estimated that
temperatures in New York City were projected to increase as much as 8 Foby
2100. Changes in temperature produce more incessant and severe storms, loss of
coastal wetlands, beach and soil erosion and; increased localized flooding and
water quality degradation have also being found to be effects of climate changes
(NYC-DDC 2008). Although these problems cannot be mitigated by few good
design buildings, designers should have on mind the importance of considering
the effects of past practices and new practices that can avoid making the same
mistake of the past and allowing them to deal with inclement weather in the

future.

Commitment is important in owners and those that regulate environmental laws
and principles. If provisions are not established towards environmental friendly
practices, reduction of emissions can only be a wish and climate change will

continue creating bigger struggles.
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5.1.2 Urban Heat Island Effect (UHI)

The key effect of urbanization on air is the phenomenon known as the Urban
Heat Island effect, where temperatures in cities can be 5°F to 10°F hotter than
rural areas. The heat island effect is caused by a range of factors, including the
relative dearth of vegetation in cities; the prevalence of heat-absorbing dark roofs
and paving materials on roads and parking areas; and the accumulation of hot
exhaust gases from; engine heat from cars, trucks and buses; surfaces and lack of
vegetation. As a general principle, the altered energy balance near the ground
leads to thermal discrepancies. Dark surfaces absorb heat and lack of vegetation
cannot help to lessen the effect of reemitted heat back to the atmosphere. During
dark nights the releases of heat are higher, that is, the difference of temperatures
between rural and city environments is more during late hours. Although Heat
Island can also be affected by meteorological effects, urban features such as city
size, density of buildings and type of activities are decisive in Heat Island effects

(Karatasou et, al. 2006)

Heat Island effect has a serious impact upon heating and air conditioning
demands. Higher temperatures result in higher energy consumption and power
plant emissions. Heat Island contributes to an increase smog production in the
city atmosphere by granting ozone formation. This phenomenon traps heat and
releases back to the city which becomes Wéﬁnéf. thelof the consequences of
warmer cities is reflected in more water use. Energy consumption and water are

interconnected, if more energy is demand by inhabitants of a city, then energy
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infrastructure spends more and both landscaping and personal use water become
scarcer (DDC 2008). More work by plants and by water management facilities

leads to more emissions and therefore more pollution.

5.1.3 Combined Sanitary / Storm water Sewer System

New York City is a coastal city, and as such, there is water on all sides of the
island. As more unpredicted weather results in inclement storms, billions of
gallons can end up in waters boarding the city. Rainfalls can overwhelm sewer
systems and cause flooding of the system. Approximately 70 percent of the City’s
6,300 mile sewer system consists of combined sanitary and storm water sewers

(NYC-DDC 2008).

According to Department of Design and Construction as many as 40 billion
gallons of ‘combined sewer overflows’ (CSOs) — containing around 20%
untreated sewage — are discharged in NYC’s receiving waters each year.
Overflows in combined sanitary and urban storm water runoff-including sewer
runoff- are causes for site erosion, habitat damage, temperature increases,
eutrophication, turbidity, and toxicity. NYC has established detention
regulations in its sewers in order to prevent combine sewer overflows,
nonetheless recent storms have topped the average precipitation levels at which

they are designed.
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5.1.4 Water Supply

New York City relies on over 1.1 billion gallons of water per day supplied from
upstate reservoirs (NYC-DDC 2008). Water supply in NYC is of the highest
quality urban water supplies in the world (EPA 2004), despite this fact, water is
still a resource that needs to be preserve so potable water can still be accessible by
population and ecosystem in the future. In NYC there is the need to develop new
water filtration systems and to expand sewage infrastructure so water

conservation can be prolonged and retained at reasonable quantities.

5.1.5 Hostile Plant Environment

In a city where there are cars, buildings and all the typical components of a
metropolis the need for vegetation is essential to counteract effects. Traffic and
transportation infrastructure, pollution of water and air, poor and compacted
soils, people, dogs, cars; limiting sunlight and water contribute to a difficult
habitat for plants to growth and flourish. Planning a site to encourage vegetation
expansion should be a priority for any main city. DDC of New York is one of the
city agencies that have established standard practices for sustainable planting
techniques in all public building construction, these techniques are outlined in

their Sustainable Urban Site Design Manual.!

Vegetation has an invaluable capacity of reducing urban heat island effects and
lessen effects of carbon emissions; storm water management, runoff reduction

and air quality improvement. Noise reduction from cars and construction and

! Reference to Appendix for manual source.
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light pollution mitigation are all advantages for a city. Plants and trees provide
oxygen to the city and help to cool urban settings, aesthetics and property values
are improved by vegetation as well. Trees and green land is a precious source of
aesthetics and better quality of life in a city where sprawl is a problem. As a
renewable source they are very efficient techniques to provide shading and
cooling during the summer. Investing in urban vegetation in cities has proven to

be extremely cost-effective for infrastructure development (DDC 2008).

5.1.6 Poor Quality Soils

All plants require space for root and crown development; some plants need deep
soil for their long roots, proper sunlight, and specific climate and drainage
conditions. The space where trees have to develop their roots is taken many times
by utilities running underground or other systems such as subway or buildings
foundations. Under these conditions, trees and plants can simply stop growing
and become more susceptible to drought, pests and diseases. Compacted soil
created by the weight of pavement, cars and daily urban traffic can cause lower
infiltration rates resulting in erosion and sedimentation (DDC 2008). Landscape
architectural is out of the scope of this thesis but an excellent guide on

landscaping design is listed under Urban landscape design?

5.1.7 Underground Infrastructure

New York City at any given time of the year is likely to have a crane building

skyscrapers, commercial building, offices, residential complexes of all sizes and

? Reference to Appendix for manual source.
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mass types. At the same time erection of steel and concrete structures takes
shape from the ground up, there is also an entire underground world of
construction from the ground down. Utilities, transportation systems, sewers and
tunnels reside under the streets of NYC. Complex subsurface conditions during
construction create significant site planning and design constraints for architects
and landscape architects: from rerouting utilities to making up space for new
building footings, drainage, and transportation opportunities or disturbances.
The world of construction underground provides a hidden place for those things
that either don’t fit above ground or simply pollutes the sight of inhabitants. Itis
imperative for designers and builders to know what’s under the surface of future
sites in order to avoid damaging critical infrastructure. Vegetation and drainage
techniques should be developed at the inception of project and their value
maintained to the end of project. Many times through value engineering some

values of design might get eliminated.

5.1.8 Reduced Noise Pollution

During construction, noise pollution can become a serious public health hazard.
Noise pollution causes hearing and can also pose higher risks of hypertension
and even provoke certain types of heart disease. Construction regulating
agencies such as DOB, sets regulation on noise-control techniques when
construction occurs. Community input on large projects is necessary since they
will be the most affected by construction noises related. Contractors must submit
a noise and mitigation control plan as part of their application for construction

permit. In the construction plans, means and methods need to be explained for
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noise mitigation program. In noise and mitigation plans, special equipment and
provision need to be made when exceeding noise levels of more than 10 decibels
when readings are taken 15 feet from source (NYC Building code). The U.S.
Department of Energy estimates that street trees can absorb 50% of urban noise
when plants are properly arrange to the side of walkways. Special considerations
have been established when excavation and foundation phases occur. Starting
July 1 of 2007 a new noise code was enacted in NYC, the need to update decibel
levels and address new technology drove agencies to replace the old 30 year old
noise code. More on the specific regulation and guidelines are stated in DOB and

NYC codess

In order to mitigate the environmental issues described above some chapter

below explore sustainable technologies and practices in areas of concern.

? References for NYC Codes in appendix
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CH 6. ACTIVE SUSTAINABLE SYSTEMS

Energy conservation techniques must be developed by considering possible
negative impacts to local ecosystems and by forecasting how the environment
and climate conditions can improve the optimization of active techniques. These
criteria should also anticipate possible improvements on patients and staff built-
environment. Urban settings and the complexity of hospital systems exhibit
considerable number of challenges. Urban context is composed of very diverse
environmental conditions such as neighboring buildings with low to high
densities; fixed orientations of streets and different building heights and shapes;
and different microclimates within the city boundaries. Conditions of these types,
combined with site specific location circumstances can bring constraints and
fewer opportunities for development of active sustainable systems. In addition to
the urban complexity, hospitals are unique in design; the services they provide
have special requirements that are dissimilar in nature to other type buildings,
for instance, hospital air conditioning plays a more important role in a hospital
than just boosting of comfort. Patient therapies in many cases depend of proper
air conditioning, in some cases conditioning can the most important factor for
the health of a patient. With these two criterions of location setting and hospital
design some approaches are preferred. Literature review has showed that for new
buildings in urban settings an integrated design approach is the most effective
and efficient way to reduce energy consumption (Karolides 2008; DOE 20009;

Kiber 2004; AIA 2007: Autodesk White Paper 2008).
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6.1 Heat and Mass Transfer

The principles of heat and thermal mass transfer are paramount principles to
mechanical system design. Heat in buildings is transferred by conduction,
convection and radiation modes. Thermal mass of a building is measured by its
capacity to store heat and regulate heat. Construction of new hospitals in NYC is
not the exception to heat and mass transfer principles. Sustainable techniques
should be design to optimize conduction modes by carefully designing walls,
floors and roofs since those are the areas where heat transfers through.
Convection modes need to look into airflow optimization as well as infiltration
and ventilation technologies. Radiation heat transfer principle is important for
hospitals since solar radiation and sun movement pose opportunities for
renewable sustainable opportunities. Glazing can trap heat resulting from sun
rays passing through windows and as long as the inside temperature is higher the

heat loss can be reduced.

The following principle of thermal balance will be used as a starting point to
understand that energy needs of a building.4

I. Heat Conduction through walls, roof and other elements

II. Heat conduction into the ground from slab-on-grade elements

1

ITII. Solar radiation gains through glazing elements by transmission through,
and/or absorption by, the glass

* The heat transfer process explanation was excerpted from Geros on Heat and mass transfer phenomena in
urban buildings. Environmental Design of Urban Buildings
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v

IV. Internal heat gain from people, lighting and equipment

v

V. Latent internal heat gains (losses) through evaporation(condensation) of
water involving the latent heat of humidity

VI. Convective heat transfer from the building envelope to the air and long-
wave radiative heat transfer to the upper atmosphere (sky) clouds

VII. Convective heat transfer from internal surfaces of building elements to
indoor air, and radiative heat transfer between the internal surfaces of
building elements, or absorption of solar radiation and light radiation by
internal surfaces l

VIII. Heat transfer by convection due to infiltration through cracks to natural
ventilation through openings 1nd forced ventilation using fans

IX. Storage in different building elements, both external (walls, roofs, floors)
and internal (structures and internal walls), resulting in the attenuation of
internal temperature swing l

X. Artificial heating and cooling by HVAC equipment

6.2 Distributed Resources NYC

Findings in a report prepared by the New York City Energy Policy Task Force
(NYC-EPTF), an agency appointed by Mayor Bloomberg which coordinates and
addresses energy policy issues on behalf of the city, were analyzed in order to
make informed recommendations based on current energy infrastructure status

of NYC.
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In the report, which comprehensively assessed the City’s energy needs in 2005,
it was found that as of 2005 NYC had an adequate electricity resources but only
by a slim margin. The projections in the report indicated that by 2010 NYC would
already be in the position to expand on generation and transmission facilities,
and it would need to start looking into expanding distributed resources. It also
recommended that all the old power plants would need to start being retired
and/or replaced for cleaner and more efficient facilities. The idea of distributed

resource expansion will be discussed within the scope of this section.

Unlike central stations and generation plans which can take many years to plan
and design in a city like NYC, distributed resources can be implemented within a
short term. Distributed resources refer to cogeneration, peak load management
(encouragement to curtail energy consumption during peak hours), renewable
energy, and energy efficient techniques (high-efficiency energy buildings by

design in HVAC and water management).

Three criterions will be considered to developed practices and technologies in
this chapter: Basic principles of heat and mass transfer phenomena, current
status of distributed resource in NYC infrastructure; and the Healthcare sector

unique design, construction and operation nature.

6.3 Sustainable Energy Systems

Energy needs for cooling and heating are determined by energy balancing. This in

turn requires and understanding of how heat transfer works between outdoor,
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indoor environments, and building components. Another important concept to
emphasize is that not always the most energy efficient and most technical
systems are the most optimal for patients. Some special rooms within hospitals
are heavily regulated either by code provisions, environmental condition or
therapy conditioning. In these cases a new equipment or mechanical system may
not be ideal due to regulations not allowing it to operate or technology
performance not being able to guarantee success in therapy due to lack of data of
equipment in that specific environment. Another example that highlights the
difficulty of selecting best practices for a hospital can be witnessed in the case of
room lay out design. Multiple-occupancy rooms, although optimal for reducing
square footage per patient and for energy reduction on mechanical systems might
not be, in the other hand, recommended for controlling infection rates due to
bacteria like hood of spreading and reach patients. Multiple occupancy rooms
also limit the effectiveness of radiation and evaporation when crucial for patient

therapy (ASHRAE 2007).

Having said this, some opportunities are however a win-win. They can be
reliable, cleaner and cheaper than the available today. Below some of those
practices and technologies will be discussed next. A criterion of hospital building
type and urban setting type are considered in the choosing of technologies.
Current NYC energy infrastructure also drives the discussion. A summary of all
technologies and recommendations noted in this section can be fbuhd 1n o

Appendix F, figure 3F-5F.
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6.2.1 Renewable and Environmentally Energy Sources

Healthcare sector can promote energy efficiency and environmental health by
relying on renewable energy sources and technologies. One environmentally
friendly technique is Cogeneration. Cogeneration processes use wasted heat from
electrical generation processes to generate electricity or useful heat for cooling
and heating. On site generation systems are excellent opportunities for energy
conservation in hospital facilities. Hospitals are an excellent representative
building type for distributed resource integration, especially those in urban areas.
Hospital’s need for emergency power in case of electricity shortage, the
complexity mechanical system optimization; the importance of uninterrupted
demand for both heat and power; their 24 hours and seven day operations; and
the implications of building relative big buildings in tight city spaces make them

perfect candidates for sustainable opportunities

6.3.1.1 Fuel cells

This system is the cleanest and quietest form of power generation technology.
Fuel cells can be powered by renewable sources, but currently their most popular
fuel is natural gas (ASHRAE 2008). The system generates electricity inside a cell
through reactions between a fuel and an oxidant, the heat produced from this
reaction process goes through a heat recovery mechanism so it can be reused to

meet loads on conventional heating or specialized processes within the hospital.

6.3.1.2 Combined Cooling, Heating, and Power (CCHP) systems
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On site combined cooling, heating and power plants (CCHP) is a cogeneration
system ideal for hospitals application. On site plants of this type eliminate
transmission and distribution losses that are typical in centralized district power
plants mainly because transportation from source to end user is longer than
when having a plant on site. Wasted heat from on site plant is used for space
heating or hot water heating. Reusing of heat and reduction on transmission and
distribution losses increases fuel efficiency as high as 75 percent (ASHRAE
Greenguide 2008). Power quality and reliability are two essential components for
the stringent requirements of 24/7 healthcare facilities. Bringing the power
generation closer to the point of application reduces the dependency to utility
grid and it reduces emissions of CO2 as a byproduct of fuel efficiency and

transportation through trucks.

6.3.1.3 Biomass, Solar Heating, Photovoltaic, daylight and Wind Energy

Today three-quarters of the world’s energy is produced from fossil fuels -coal,
petroleum, and gas (Santamouris 2006).- Combustion of fossil fuels produce the
greatest threats to the environment in the form of CO2, CO, NOx, SOx, and

suspended particles. (EPA-Air Act 2004)

Renewable energy can be incorporated to replace fossil fuels if properly designed
within building orientation and characteristic features. Daylight, passive cooling
and natural ventilation are strategies to reduce energy in heating, cooling and
lighting of buildings. Other techniques that have resulted in environmental

results and efficient energy delivery include: biomass fuels, wind systems,
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photovoltaic and solar systems. The integration of these other techniques
requires an extra first-cost capital investment so “free energy” collected can be
extracted into a useful operation. For example, wind systems might need proper

infrastructure for turbines.

Solar energy can by converted to heat using solar collectors, the most efficient
way to take advantage of these technique is to mount collector on the roof or
facade of building, depending on building orientation, large area is needed to
achieve higher temperatures; preheating of water and air are the two most
common uses. Photovoltaic is another for of solar energy. It uses sunlight to
produce electricity. A hospital building can use it as a substitute of building
envelope and reduce system installation costs. One of the major drawbacks for
PV systems is the high initial costs (Borenstein 2008). With all solar renewable
energy techniques interruptions to sunshine exist as taller building might get
developed next to systems. Hospitals built in Manhattan should study the
possibility of taller buildings being built next to facility before considering solar

renewable energies.

6.3.1.4 Green Power Contracts

Another way of environmentally and responsible way of consume energy
production is to engage into green power contracts, if the possibility is feasible,
renewable power suppliers will provide kilowatt hour price and sometimes at |
lower prices than fossil fuel. Providence Newberg Medical Center in Portland

negotiated to buy 100 percent of their energy through one of these contracts,
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because fossil fuel price volatility can be high, this technique can work better
when infrastructure for renewable energy is more developed, it will be cheaper

and much cleaner. (Guenther and Vittori 2008)

6.3.2 Lighting

Daylighting: Evidence-based research has demonstrated that patient recovery
outcomes can be improved. Literature review shows studies that associate
daylight environments as a possible cause to reduce depression, agitation and
drug use (Pradinuk in Zimring 2004). The same studies make a connection
between productivity loss and lack of proper lighting. Daylight is a cheap way of
lighting a space because it reduces the need for electrically artificial lights.
Daylighting requires an optimum exhaustive analytical and modeling work.
Modeling can simulate the amount and quality of available daylight by setting
parametric criteria such as seasons, time of day and weather considerations.

Synergies among those parameters should be the objective of the model.

Glare discomfort and eventual problems related to high construction density and

taller buildings need to also be considered when designing for naturally lit spaces.

Light Controls: They are appropriate to be used in conjunction with daylighting.
An integration of artificial and natural light can save life of lamps and energy can
‘ b‘exlk‘.e.diléed if controls allow turning artificial light whenever a room has sufficient

natural light. Controls and dimming options add flexibility to comfort as well as

patient visibility and environment satisfaction. For hospital type buildings timers



60

and sensors need to be used in non-medical areas and medical spaces that are not

used regularly.

6.3.3 Energy Modeling

Computer energy modeling software can improve parametric analysis by running
simulations on parameters that affect the energy balance of a building: facade,
passive solar heating, daylight, orientation, size, glass type, external shading,
artificial lighting and other internal loads such as equipment and population
profiles. A comparative analysis can then be performed to screen the best results.
A full scale modeling (mock-up) should then be built so specifications dictated by

software can be followed and modeled in a full scale (ASHRAE 2009).

6.3.4Medical Equipment/Systems Efficiency

Major diagnostic equipment typically consumes considerate amounts of energy.
A recommendation on medical equipment management is to demand
manufacturing companies to start creating more efficient equipment. Medical
equipment is assumed to be a substantial and increasing fraction of hospital
electrical loads (Schinger and Tschudi 2009). Energy use by medical equipment
is currently not covered under any regulations or voluntary standards for energy
efficiency. Information on medical equipment and process loads specific to
hospitals is important to ensure accurate energy modeling and efficient hospital
system designs (both electrically and thermally). Residential and many ovt'hérv

commercial types of equipment follow the EPA energy star label as a certification
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of their efficiency and stewardship designs. Specialized equipment does not have

a system similar to that.

Rating systems should help to create a market with more efficient products by
providing purchasers with information so they can make more informed

decisions on buying equipment.

6.4 Sustainable Heating, Ventilation, and Air Conditioning Systems

A great amount of energy in hospitals goes into the heating, ventilation and air-
conditioning systems in hospital facilities. The requirements for HVAC designing
go above comfort, in effect, health care designed indoor environments many
times is part of the healing and curing techniques. Additionally, healthcare is a
heavily regulated type building in this area due to the high potential of disease,

bacteria and virus spreading through airborne movement.

6.4.1 District Energy Systems

District Systems provide cooling or heating by transporting chilled water or
refrigerants for the former and steam or hot water for the latter. A central
distribution system for a typical hospital considers three main components: A
central plant, a distribution network and an end-user heating system. Central
plants can make use of co-generation techniques (as discussed in previous section
of this paper) heat from the plant can be from high efficient boilers or high
performance chillers which can be fueled by either renewable energy or fossil

fuel. Conventional piping system acts as distribution system between source and
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end-user. The last component is the hospital’s heating and cooling systems within
building. A heat exchanger separates district system from hospital systems. A
common hospital system for heating and cooling is an Air Handling Unit (AHUs).
AHU is an integrated piece of equipment consisting of fans, heating and cooling
coils, air-control dampers, filters and silencers. The purpose of this equipment is
to collect and mix outdoor air with returning air from inside the building space.
The air mixture is then cooled or heated and discharged into the building space

through a duct system.

A study case by a hospital in the College of Dublin found that efficient direct drive
motors equipped with variable speed control, energy efficient bag filters, and a
thermal wheel recovering heat from extracted air can be very efficient and reduce
electrical load and reductions of energy consumption of up to 40 percent (SEI

2007)

An advantage of becoming a user of direct supply systems is the elimination of
boilers and the use of chiller plants. Without those two components hospital
don’t have to deal with chemical handling of waste from boiler and chiller plants.
When Hospitals have their own chillers and boilers in the building a waste
management program needs to include boiler and chiller maintenance. In general
central systems are more efficient than multiple and dispersed multiple small
boilers and chiller plants (ASHRAE, 2009). Some of the advantages of larger
plants include higher thermal efficiency; they also allow for more space in

mechanical rooms at end-user facilities bigger equipment can be adopted to use
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different kind of fuel more efficiently. The following discussions of systems are
guided to those hospitals that don’t count with district systems. General
technologies for heating and cooling systems will be outlined as well as air quality

criteria and good practice techniques.

6.4.2 Displacement Ventilation System

Displacement works by supplying air near floor level at low velocities; the
temperature of supplied air is slightly lower than the desired room temperature.
The mixing of supplied air with warmer air in room creates a displacement of
warm air to higher section of room where return exhausts are located.
Displacement of warmer air results in a cooler room with an improved air quality
by essentially carrying pollutants out of the breathing zone and to exhaust. This

technique is desirable if noise control is important.

6.4.3 Mixed-Mode Ventilation

Mixed-mode ventilation refers to a space conditioning approach that combines
passive ventilation techniques with mechanical heat and cooling. Concurrent
mixed-mode is the most prevalent design of this system. A typical example
include an open-plan office space customized with standard variable air volume
(VAV) air-conditioning systems and operable windows, where perimeter VAV
zones may go to minimum supply air when sensor indicates that a window has
been opened (CBE 2005). Depending on the area of the hospital, the air

conditioning, quality of air required for a room, and season of the year. This
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technique can save energy by reducing energy consumed by mechanical systems

while introducing fresh air into the space.

6.4.4 Radiant Heat Technique

It involves supplying heat directly to the floor or to panels in the wall or ceiling of
a room space. Peak loads are reduced as a result of thermal energy storage in the
panel structure, exposed walls, and partitions inside rooms. Radiant heating has
a number of advantages in hospital environment: it can be more efficient than
forced-air heating because no energy is lost through duct supply. When infection
control and strict air conditioning and quality are required heat can be a

preferred technique since it does not deal with moving air (DOE 2009).

6.4.5 Ground/ Water Couple Heat Pumps

Water-couple heat pump systems: are made up of multiple water-source heat
pumps delivering heat or cooling to local areas within the building, the key
characteristic consists of pumps tied into a central water loop with a neutral-
temperature serving as source and sink. (ASHRAE Green Guide 2009). Water
loop is connected to a boiler and a central heat dissipation device, this to ensure
that operation of looped pumps operate within the temperature range of water
loop. Loop systems of this kind are ideal for hospitals because heat pumps
provide both heating and cooling simultaneously, that is, one heat pump can set
to Wdrk as a heater while another one in the system can be set to cool.

Ground Source Heat Pump with closed loop: For closed loop systems, water or

antifreeze solution is circulated through pipes buried beneath the earth's surface.
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During the winter, the fluid collects heat from the earth and carries it through the
system and into the building. During the summer, heat pump pulls heat from the
building and carries it through the system and uses underground as sink. This
process creates free hot water in the summer and delivers substantial hot water
savings in the winter. Because thermal energy from the earth is used, this
technology can be cost effective. In NYC this practices can be useful since the

winter and summer seasons are very predictable.

6.4.6 Absorption Chillers

Chilled-water systems are usually fueled by electricity in traditional systems.
Absorption chillers can use thermal energy to generate chilled water; fuel
flexibility is one of the pros of absorption chiller technology. Natural gas,
propane, and wasted steam are all available fuels to supply thermal energy to
chiller. Another advantage is that power supply does not have to come from
hospital electrical grid. This fact allows a load expansion without taking a toll in

hospital electric grid allocation.

6.4.7 VAV

Variable air volume systems (VAVs) have being replacing constant air volume
systems. VAV work under thermostatically controlled variable-volume boxes that
regulate the quantity of conditioned air supplied to each zone. VAV systems can
simplify provisions for operations and conservation of energy in areas where

natural ventilation provides for, recirculation of air is minimized in areas that can
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be thermostatically controlled by other means of building orientation or

daylighting.

6.4.8 Desiccant Cooling and dehumidification Systems

There are two basic types of desiccant process: Solid and liquid. Depending on
facility system loads an analysis can determine what application works better.
The general concept consists of the following steps:

1. Warm and humid air enters and makes contact with a slowly rotating desiccant
wheel and is dehumidified by adsorption of water, as this happens the desiccant
temperature risers and its useful absorption capability lessens.

2. Since the air is heated up by dehumidification process, adsorption heat is
giving up to a recovery system that takes it and uses it for pre-cooling of building
air stream, subsequent dehumidified air can be humidified by a controlled
humidifier that set-values of supply air temperature and humidity to facility. The
result is that possible VOCs and contaminants are absorbed by the desiccant.

3. The exhaust air stream of the rooms is recovered and humidified close to the
saturation point so it can be cycled back into the system. Prior of circulating
exhaust air, desiccant needs to be regenerated. A heating reactivation by
desiccant contact is used or re-concentration process, the former for solid

desiccant and the latter for liquid desiccant.

6.4.9 Chilled Beam Cooling

Chilled Beam differs from typical ventilation systems. In Most buildings the air

that travel ducts is already cooled before reaching room destination. In contrast,



67

chilled beam systems, use chilled water pipes in modular units mounted to
ceilings to cool or heat air before supplying it. They differ from radiant chilled
ceilings in that they transfer heat primarily via convection instead of radiation.
Chilled beams can save energy by eliminating fan consumption. Fan energy is

reduced because system is off the duct loop.

6.4.10 Air Indoor Quality Considerations

Medical evidence has shown that proper air conditioning can help to prevent and
treat medical conditions (AIA 2006). Hospitals are required to provide infection
control assessment and mitigation to American Institute of Architects for code
compliance. ASHRAE dictates in the code that assessment and mitigations in
infection controls must also be included in contract documents for all new
construction design. As hospital facilities, they have a responsibility for healing
and many times proper air conditioning becomes a crucial factor in patient’s
therapy. In addition to being critical for healing, literature review in this topic
yielded couple of results on studies about controlled environments. The findings
revealed a more rapid physical patient improvement than areas with

uncontrolled environments (Center for Health Design 2006).

Air conditioning code regulated by ASHRAE, calls for restricted air movement
criteria as well as for specific requirements on ventilation, filtration and dilution
rates. In hospitals, these parameters need to be controlled for appropriate
removal of contamination and accurate thermal control on room environments.

Mishandling of these principles can result in transportation of bacteria from one
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are to another and virus spreading, such as Varicella can happen through
propagation of air particles. Temperature and humidity in the air are factors

regulated based on service provided by area in the facility (ASHRAE 2007).

Ventilation systems must provide air virtually free of dirt, dust, chemical and
radioactive pollutants. Patients with pulmonary and respiratory conditions are
very sensible to outside air. Provisions in those areas and rooms can consider
high-efficiency particulate air (HEPA) and ultra low penetration filters-both can
achieve filtering efficiencies of up to 99.97%- When using filters to protect clinical
environment, safe removal, disposal and replacement should followed a strict
protocol as to avoid future propagation of bacteria or viruses due to mishandling
and incorrect installation of filters in critical areas. Air movement must also be
designed to minimize the spread of contamination in hospital settings. At
minimum, air movement should always be from cleaner to dirtier areas. Negative
pressure in rooms with potential contamination opportunities must be designed
to mitigate supply of dirty air. ASHRAE suggests that VAV system can be
considered in noncritical areas, but in operation rooms or protective isolation
areas, constant volume systems should ensure that ventilation criteria is always

met.

Smoke control ventilation design needs should be design to create areas with
positive and negative pressure so smoke contamination is limited. Ventilation

design for smoking should be less of a concern starting 2010 due to a NYC new
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law that prohibits smoking inside hospitals campus property at least 15 feet from

properly line.

Zoning, as discussed above, is important to isolate different departments within
the same building. Supplies, returns and exhaust systems should be separated
from special rooms where air conditioning, temperature and humidity require

more strict parameters.

6.5 Sustainable Water Systems

Water efficient designs applications look into balancing water quality and
quantity while maintaining aquifer and water sources undisturbed. Healthcare
facilities are among the most intensively water users, mainly because; the
potential for disease spreading dictates a constant washing of hands and
sterilization of equipment (Warshall in Vittori 2008). Process water reduction
techniques are identical to commercial and residential buildings. Some

sterilization water conservation techniques are discussed below.

An audit by the Water Resource Authority in Boston on seven major metropolitan
hospitals yielded that HVAC (23%), sanitary (40%), Cafeteria/kitchen (9%) and
medical processes (14%) are the major consuming areas in hospitals. There are

several key strategies for water reduction in health care facilities.

6.5.1 Steam Recycling from Heating and Cooling Systems



70

Steam is used extensively in the heating and cooling systems of hospitals,
sterilization of medical equipment, absorption chillers and food preparation.
Condensate water from these 