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to use the groundwater as the water supply for the cooling towers, reducing the amount of 
purchased water by 4.8 million gallons per year. In addition, 111 Eighth Avenue is connected 
to Con Edison’s steam system which is used for heating, hot water, and cooling. The resulting 
condensation emerges too hot to be poured safely into the sewer and must first be cooled. 
Currently, the cooling of steam condensate is achieved through the use of purchased potable 
water; this is another source for which the ground water would be ably suited. Not only did 
finding a use for this previously overlooked water resource reduce building operating costs, 
it also had the ecological benefit of easing the burden on wastewater treatment facilities and 
reducing the amount of carbon emissions, embodied in the water, by roughly 7 metric tons 

These measures alone stand to reduce 111 Eighth Avenue’s potable water consumption by 
15%. However, these solutions would have been obscured if not for the deep questioning, 
holistic view, and recognition of the importance of ecosystems that Deep Ecology advocates. 
As the intersection of ecology and architectural design becomes increasingly accepted, 
there remains the need to better understand the expression of ecology through design. Deep 
Ecology represents one mechanism to do so, deepening the environmental benefit while also 
serving to reintegrate humans and their ecosystems.

111 Eighth Avenue
Often regarded as the emblem of vigorous urbanization, it is easy to forget that New York 
City’s Manhattan Island is not a human manufactured environment but one that exists within 
an ecosystem.  It is an ecosystem that is not merely historical, but rather continues to shape 
and affect the design not only of new constructions but also of existing structures. The 
importance of understanding the underlying ecosystems of human embedded environments is 
stressed in the ecological philosophy of Deep Ecology which recognizes the interdependence 
of human and non-human life as well as the importance of ecosystems and natural 
processes1. Deep Ecology emphasizes designing and redesigning systems based on values 
and methods that preserve the ecological and cultural diversity of natural systems2. 

On a practical level Deep Ecology encourages architects and designers to work with 
environmental processes instead of against them. In the process practioners reduce negative 
environmental impact while also reducing waste and costs. This is a lesson that the owners 
of 111 Eighth Avenue, a nearly three million square foot property occupying a city block 
between 15th and 16th streets on Manhattan’s west side, learned first hand when they 
sought to renovate the 78 year-old structure with an eye towards reducing its environmental 
footprint. 

As a first step towards renovation, a building assessment was conducted to analyze building 
resource consumption. Two key areas were immediately discovered as deserving further 
scrutiny. First, 111 Eighth Avenue was using twice as much water as a building of its size 
ordinarily consumes. Secondly, the pumps that were supposed to intermittently pump water 
out of the basement were constantly pumping water from the basement. Motivated by the 
philosophy of Deep Ecology, a key component of which involves asking penetrating questions 
to uncover root causes, additional questions were asked to discover the source of the 
basement’s ground water. 

The answer was inextricably linked to Manhattan’s ecosystem. Before Manhattan was covered 
by pavement and skyscrapers, it had been ‘copiously well watered’ with over twenty ponds, 
sixty miles of streams and an estimated three hundred springs3. These streams did not 
merely disappear when they were filled, dammed, or simply paved over in what a 1907 New 
York Times Article referred to as  a ‘mad haste to extend the city’4.The buried brooks, ponds 
and streams of Manhattan continued flowing; forming a unique gridiron beneath the island5. 
111 Eighth Avenue’s foundation was laid in the path of one of Manhattan’s buried streams. It 
was against this stream, estimated to enter the basement at a rate of 250-300 gallons per 
minute (gpm), with the potential to collect over 130 million gallons per year – almost three 
times the current water usage of the building- that the pumps was waging a perpetual battle. 

At the time 111 Eighth Avenue was spending tens of thousands of dollars annually to 
purchase millions of gallons of potable water from the city to fuel its cooling towers, while 
also spending money (in energy costs) to pump water out of its basement. In addition, this 
was a cost that was expected to rise – water rates in New York City have increased 48% 
since 2003, with an annual increase of over 10% for the past three years 6. The solution was 
1 Drengson, http://www.deepecology.org/movement.htm

2  http://www.deepecology.org/movement.htm

3 Mannahatta: A Natural History of New York City by Eric W. Sanderson, et al

4 1907, February 10. Buried Streams Trouble New York Builders [Electronic version]. The New York Times, p. SM4.

5 1907, February 10. Buried Streams Trouble New York Builders [Electronic version]. The New York Times, p. SM4.

6 Atelier Ten, 2009
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Founded in 1853, the California Academy of Sciences 
is a world-class research, educational and cultural 
organization in the field of natural sciences. After the 
1989 Loma Prieta earthquake rendered most of the 
San Francisco based Academy’s buildings structurally 
unsound, the Academy decided to rebuild rather 
than to repair its old structures. Motivated by an 
organizational mission to, in part, “protect the natural 
world” the Academy sought to construct a new building 
that would illustrate its commitment to sustainability7. 
Unveiled in October of 2008, this LEED Platinum 
building – arguably the world’s greenest museum – is 
a bold step forward in imagining and integrating the 
principles of sustainability and deep ecology into a 
building’s design. 

This accomplishment is particularly impressive when 
one recognizes the unique challenges the structure 
faced. A typical office building, for example, needs to 

house two things: people and computers. Both function within the same general climate range. 
The California Academy of Sciences by contrast, needed to house a variety of dissimilar items 
and organisms each with their own unique needs: office space, museum space, aquarium space, 
research facilities, as well as archival space. The problem is clear. Most people would be unhappy 
if their office environment mimicked the 140°F (60°C) temperature preferred by the Academy’s 
Nile Monitor Lizards. Similarly, the museum’s archives wouldn’t long endure if subjected to the 
humidity required for its rainforest exhibit. The California Academy of Sciences had to discern a 
method to serve multiple needs while also drastically reducing the amount of water and energy 
necessary to meet those needs. 

The solutions emerged from the realization that the building was located within a benign climate. 
This recognition, grounded in the ecology of the site, made naturally ventilating the pavilion, and 
using climate control mechanisms to spot control where necessary, an ideal, low energy solution. 
But wouldn’t the modest temperature fluctuations that accompany natural ventilation lead to 
patron discomfort? Because much of the building is transparent its human inhabitants are always 
aware of outside weather conditions. Humans can tolerate colder and warmer temperatures then 
specified in traditional design documents if they have a connection to the outdoors. This outdoor 
connection both makes natural ventilation a viable option and lends credence to the biophilic 
desire to reconnect humans and their ecosystems within built environments. 

For a naturally ventilated space to effectively function, however, a responsive roof form is 
required. A series of seven dome structures were chosen because they lend themselves well 
to the creation of microclimates and as a nod to the deep ecology of the region and to the 
organization’s history. Two of the domes rise 27-feet above the roof line and house the museum’s 
planetarium and rainforest, while the additional five smaller sloping domes help to mimic the 
dune ecosystem that likely occupied the site 150 years ago – roughly the time of the California 
Academy of Sciences founding. This undulating roof features a series of oculus vents that, 
depending on temperature and climate variation as tracked by sophisticated microprocessors, 
open and close to maintain an ideal indoor temperature. The domes’ wave structure means 
outside cool air readily flows into the building’s main pavilion while hot air on the exhibit floor 
easily flows out of the domes’ automated skylights, passing through (and warming) the rain forest 
before exiting8. 

The 2.5 acre green roof – the largest such structure in California – further connects to the 
region’s deep ecology by featuring four perennial and five annual native plant species. The roof, 
like any ecosystem, has continued to evolve as birds and bees have dispersed foreign pollen and 
seeds onto the site providing an outdoor laboratory for students and scientists to study (Steen 
7 California Academy of Sciences. (2008). Retrieved May 19, 2010, from http://www.calacademy.org/sustainable_future/sustainability_statement.php

8 Steen, K. E. (2008, September 17). Green Architecture’s Grand Experiment— Part 1: The Building [Electronic version]. Metropolis Mag

California Academy of Sciences 2008). Visitors, meanwhile, can experience the roof directly via an observation deck that not 
only allows them to see the roof but also allows them to experience the blustery feeling of being 
among the dunes. 

The roof is not merely decorative, but 
also functional. It absorbs more than 2 
million gallons (98%) of the building’s 
storm-water run off, while also providing 
additional insulation to further reduce 
the building’s energy consumption. The 
outrigger edge of the roof features glass 
encased photovoltaic panels, casting a 
dappled light below which adds to the 
building’s predominantly day lit lighting 
scheme while also generating 15% of 
the building’s electricity.  In addition, 
by integrating the climate control 
mechanisms – waste heat, for example, 
is captured from the chillers used to 
refrigerate the penguin exhibit and used 
to heat the rainforest and coral reef 
exhibits – the building achieves excellent 
energy efficiency despite the diversity of 
spaces and exhibits. 

In many modern buildings air is brought 
in, chilled for one need and then heated 
to meet a different need. This kind 
of inefficiency not only results in a 
tremendous waste of energy, it also 
represents an unnecessary expense in 
embodied energy costs for the building’s 
operators. This occurs because too 
often architects, design engineers, 

and systems engineers operate independently instead of collaboratively. To create a building as 
sustainable as the California Academy of Arts, the silos which typically bracket the disciplines 
were dismantled. Working together, the design team developed a holistic solution that did more 
than mark the checkboxes of sustainability. The architect Buckminster fuller is quoted as having 
said “When I am working on a problem I never think about beauty. I only think about how to solve 
the problem. But when I have finished, if the solution is not beautiful, I know it is wrong.” 

 The California Academy of Sciences building is beautiful. 

Without compromising the modern standards for comfort, the building – particularly the roof – 
manages to evoke a feeling of aliveness that most people sense only when striding beneath a 
forest canopy or standing on the edge of a cliff. It is this feeling of aliveness, made possible not 
despite its sustainability but rather because of its deep commitment to sustainability, that sets the 
California Academy of Arts building apart. 

Photo by Bill Browning, Terrapin Bright Green
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Americans, on average, spend 90 percent of 
their time indoors. They work, live, shop and 
entertain in buildings. These buildings consume 
enormous amounts of energy and natural 
resources. According to the US Green Building 
Council buildings alone account for 39 percent 
of energy use, 38 percent of all carbon dioxide 
emissions and 14 percent of potable water 
consumption9. As a result, altering the quantity 
and patterns of how and what buildings consume 
will have profound implications for our natural 
environment, economy, health and productivity10. 

This increased recognition of the importance of 
the built environment has spurred a rise in new, 
green construction. Since 2000, when the LEED 
for New Construction (LEED-NC) rating system 
was first released, roughly 1,600 new buildings 
have been LEED-NC certified worldwide11. 

Another 11,600 projects have registered for LEED-NC certification12. These numbers appear 
impressive until juxtaposed against the number of existing structures. In the United States alone 
there are 4.9 million commercial buildings13. A sustainable future cannot be accomplished simply 
through new construction. Existing building stock must be made more sustainable. 

This is not an easy task. In new construction sustainability is often woven into the very fabric 
of the structure. With existing structures, however, integrating sustainability presents unique 
challenges. For example, certain key sustainability techniques such as building orientation and 
site selection cannot be altered when dealing with an already existing building. However, with 
careful planning and holistic thinking, sustainability can be integrated into an existing building. In 
the process not only will the building’s negative impacts on natural environments be reduced, but 
so too can positive grains in occupant health and productivity and operational costs be attained. 
The National Geographic Society (NGS) discovered this first hand when they aggressively pursued 
sustainability in their headquarters complex. 

The Washington, D.C. headquarters of the National Geographic Society (NGS) features three 
interconnected buildings ranging in age from 20 years old to over 100 years old. Already 
motivated to integrate sustainability into their operations - they were active participants in the 
Energy Star program, purchased 100 percent of their electricity from green sources and were 
recognized as a US EPA Climate Leader – the NGS set the ambitious goal of achieving Complete 
Carbon Neutrality for their operations 14. Because of the steps they had already taken to integrate 
sustainability into their operations (they were also the first facility to achieve the LEED for Existing 
Buildings (LEED-EB) certification), many of the easiest sustainability measures had already been 
undertaken15. 

The goal then was not to create a Greenhouse Gas (GHG) Inventory, that would merely tally the 
amount of Greenhouse Gasses produced, but rather to understand the GHG “footprint” of the 

9 US Green Building Council. (n.d.). Green Building Research . Retrieved May 25, 2010, from http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1718

10 US Green Building Council. (n.d.). Green Building Research . Retrieved May 25, 2010, from http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1718

11 (2009). Green Building by the Numbers. In Green Building Facts. Retrieved May 25, 2010, from http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1718

12 (2009). Green Building by the Numbers. In Green Building Facts. Retrieved May 25, 2010, from http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1718

13 Center for Sustainable Systems, University of Michigan. 2009. “Commercial Buildings Factsheet.” Pub. No. CSS05-05.

14 Gryzkewicz, R. (2004, March). National Geographic Society’s LEED-ership. Retrieved May 20, 2010, from http://www.facilitiesnet.com/green/article/National-

Geographic-Societys-LEEDership--1780

15 Gryzkewicz, R. (2004, March). National Geographic Society’s LEED-ership. Retrieved May 20, 2010, from http://www.facilitiesnet.com/green/article/National-

Geographic-Societys-LEEDership--1780

National Geographic
building complex and identify specific opportunities to reduce emissions on a fundamental level. A key 
first step was to assess how much GHG the buildings were producing and to isolate the sources of those 
emissions. Utilizing the Greenhouse Gas Protocols methodology – the business standard for carbon foot 
printing which assesses both direct energy use and the indirect energy embodied in water use and in the 
components of food in the waste stream – it was determined that the main source of GHG emissions lay 
in the NGS’s use of natural gas. Natural gas is burned onsite in facility boilers, kitchens, and emergency 
generators16. 

One of the largest consumers of natural gas, and the focus of much of the analysis, was the 1145 17th 
NW building. This building had been excluded by the NGS from consideration in the Energy Star program. 
Consequently, its core systems remained fundamentally identical to when it was originally built in the 
1960s17. This included an archaic air side system that involved simultaneous heating and cooling of the 
supply air for most of the 17th Street floors, causing the NGS to run the boilers in the summer to reheat 
air that had already been overly cooled with steam from the boilers. One’s instinct, particularly if hampered 
by what the social ecologist, Stephen Kellert calls ‘promiscuous specialization’, would be to immediately 
replace this system18. That would, as it turns out, be the incorrect way to proceed. 

In addition to this inefficient HVAC system, the building also had its original windows. Over the windows a 
film had been placed which, though successful in blocking out visible light, was not necessarily successful 
in its intended goal of blocking out heat. Taking a step back to look at the situation holistically brought 
the realization that the wisest method would be to replace the windows with newer better insulated 
windows. Not only would this increase the efficiency of the building, it would allow for natural lighting to be 
implemented without the risk of unwanted heat gain. Natural lighting has two key benefits. First, it reduces 
energy consumption by utilizing what is freely obtained on site: daylight. Secondly, an increasing number 
of studies into the field of biophilia, or the instinctive bond between humans and natural ecosystems, show 
that when diffuse natural lighting is utilized, employee productivity and well being, as tracked by declining 
rates of worker absenteeism, increase19.  

The combination of a redesigned lighting system and an interior designed to take advantage of the 
new lighting system in conjunction with the defenestration would drastically reduce the load on the 
HVAC system. This in turn would enable the NGS to not only replace the old system with a newer more 
efficient system, but also with a smaller system. It is this kind of holistic thinking that is both crucial to 
sustainability and also sorely missing in traditional development and design; It is the kind of thinking that 
doesn’t merely stop at the conceptual level, but rather extends through implementation. 

The question of how to implement a sustainable retrofit is inextricably linked to the cost of the retrofit. It 
is not possible to be sustainable if sustainability is cost-prohibitive – as is often believed. And yet, analysis 
showed that modifications implemented in a staged investment manner; that is, if the replacement 
of antiquated technologies were synchronized for systems efficiency, rather than for the end of each 
system’s productive live, upgrades would save save the NGS $7.5 million over the next 25 years. 

The overall analysis shows that not only may Carbon Neutrality be achievable for the NGS Complex, but, 
if the NGS pursues long-term strategies using staged investments to replace equipment with efficient 
upgrades according to scheduled replacement cycles, they could do so cost-effectively. Thinking long-
term and holistically about sustainability is viable for existing structures both in terms of technical logistics 
and in terms of cost economy. 

16 Terrapin Bright Green (2009 January 30). The National Geographic Society: Headquarters Campus Greenhouse Gas and Energy End-Use Study

17 Energy Star. (2008). ENERGY STAR Labeled Building Profile: National Geographic Society. Retrieved May 21, 2010, 

18 Conniff, R. (2009, September 3). Reconnecting with Nature Through Green Architecture. Yale Environment 360. Retrieved May 21, 2010, 

19 Conniff, R. (2009, September 3). Reconnecting with Nature Through Green Architecture. Yale Environment 360. Retrieved May 21, 2010, 
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