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ABSTRACT 
 
The City (of Tomorrow) is here now – but only if we transform our current urban fabrics into 
organic whole systems of operational performance. Geothermal exchange offers the platform 
for doing so.  
 
This paper presents an overview of geothermal technology, discusses in some detail a large-
scale (urban) application at Ball State University, a Midwestern campus in the U.S., and 
addresses the visioning of the City (of Tomorrow) as a reconceptualization of current urban 
fabric as an energy-balancing system.  
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THE TECHNOLOGY IS HERE 
 
Use of the earth as a thermal capacitor is not new. Geothermal technology has been 
operational in the marketplace for some years and many technical variations are available. 
The three broad categories are: 1) ‘hot-rock’ water/steam sourcing; 2) open-loop ground-
water extraction; and 3) inert thermal exchange. 
 
Since the first of these is geologically place-dependent and since the second is ground-water 
depleting and can compromise nature’s filtration in the recharging of ground water, these are 
not favored by this author. Rather, the following discussion focuses on universally-applicable 
closed-loop thermal exchange. 
 
The primary challenge to sinking and sourcing thermal energy in closed-loop systems is 
physical placement – whether as an extensive horizontal truncation of tubing in the earth (or 
in a body of surface water) or an intensive field of deeply-drilled bore holes.  
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Horizontal placement requires considerable land excavation (or water area) and, depending 
upon depth, may require glycol-treated fluids to obviate freezing; whereas vertical bore-hole 
placement can be positioned under other land-surface-uses such as recreational fields, athletic 
fields and parking lots. 
 
In all cases, the proportionality of exchange-pipe spacing relative to the thermal storage 
capability of the earth (or water body) must be examined. Placing the runs of exchange pipe 
too close together can compromise the storage and extraction of thermal energy; placing them 
too far apart can miss an optimal use of the earth (or water body) as a capacitor. 
Proportionality is key. 
 
Geothermal systems are used most often in single-building application, largely because the 
technology is treated as a “fix” to a “problem”… how to heat and cool a building cost 
effectively. Since such geothermal projects are undertaken one-at-a-time, the issues of 
available site acreage (extensive horizontal placement vs. intensive vertical placement), and 
the nature of thermal capacitance of the soil (or water) are typically the extent of issues 
examined. And, since these one-off projects involve single-system ownership, the financial 
evaluation is based on returns on investment for that owner, alone. As a result, the ability of 
the technology to achieve a more-leveraged optimal systemic performance in larger-scale 
(urban) application is forestalled and the more cost-effective community opportunity is 
sacrificed. 
 
Nonetheless, scaling-up is readily possible. With whole-systems thinking, we can treat sectors 
of city fabric as a singular organism supported by geothermal energy exchange. Scaling up, 
however, is not in itself the issue. Rather, the breakthrough opportunity, for geothermal 
technology at the urban scale is its use as an energy balancing system. For those buildings that 
are overheating, the heat-energy extraction from the cooling function can be transferred to 
those other buildings in the urban fabric that might be in need of some temporary heat-energy 
input. This is typically the case during the swing seasons of the year in the transition from the 
winter-to-summer and summer-to-winter temperature régimes. 
 
Modulating the flows of energy through transfer from one building to another as well as 
sourcing and sinking to the earth itself, amplifies the importance of treating the urban fabric 
as a singular organic system, and most importantly frees the designer to integrate multiple 
scales of architectural intervention: 
 

- The manipulation of individual building location, form and (passive) 
envelope metabolism; 
 

- The location and patterning of the geothermal energy sourcing and 
sinking (under land uses); 
 

- The (active) behavioral adaptation of building occupants to operational 
system performance. 

 
Rather than designing any one building for perfect climatic fit, the opportunity, 
architecturally, is to consider the community of buildings as exporters of energy. Thus the 
question of balancing energy flows is not tied to an optimal sizing of a single building 



JBU I (2011) 1  ·  105 
 

___________________________________________________________________________ 
 

© 2011 Journal of Biourbanism 

location, form and envelope, but rather using the factors of location, form and envelope to 
open the opportunity for export of excess energy. Depending upon building components used, 
such exporting of energy flow can occur at multiple scales, moving collected energy from the 
east-facing façade in the mornings for delivery to the west-facing façades in real-time, or 
shunting excess energy on the south façades during the day to storage – for use at night. 
 
The location of vertical bore-hole fields can be pre-planned for placement under recreational 
fields, athletic fields, parking lots, selected street areas and walkways; and with careful 
proportioning and proper depth these can be virtually maintenance-free. 
 
The opportunity for active participation by building occupants in the “sailing” of their 
building, using those operational components of the envelope that permit adjustments to 
daylighting, ventilation, sun-shading, and thermal energy capture and/or electrical production, 
can affect interactive behavior. To achieve that level of participation, however, occupants 
need real-time feedback (typically a computer-based dashboard system) wherein building 
occupants have some sense of how their day-to-day activities influence energy use. (Not 
unlike the driver of a car whose self-aware pressure on the gas pedal controls the real-time as 
opposed to “expected” miles per gallon.) 
 
Financing of geothermal technology can benefit from larger-scale application. Evaluation 
requires long-term performance assessment and must include not only the return on 
investment resulting from annual operational cost-savings but also the avoided future cost of 
carbon-taxation for the community of buildings. Geothermal technology can eliminate on-site 
fossil-based energy conversion and by depending primarily on (Scope 2) upstream electrical 
supply offers the opportunity to leverage the impact on fossil-based brown-power and, most 
importantly, offers the strategic opportunity for the sourcing of upstream green-power from 
wind, solar-electric and hydro-power feeds into the grid. 
 
 
THE BALL STATE UNIVERSITY CAMPUS RETROFIT 
 
In 2009, the Ball State University Board of Trustees approved installation of a campus-wide 
district heating and cooling geothermal system to service all 47 buildings on campus (Figure 
1). The project is being undertaken in two phases; the north energy-station with two 
geothermal heat pumps linked to some 1800 bore-holes will service some 20 buildings in the 
north half of campus and the south energy station of similar capacity, using some 2300 bore-
holes will service the remaining 27 buildings. The north-half will become operational this 
September, and the south-half phasing will begin construction thereafter. Once the full system 
is complete, it will be operated as a singular network.  
 
The opportunity to use the system in energy trading (balancing) was a serendipitous 
discovery. In the process of developing the project it was found that during the swing seasons 
of the year, the amount of cooling and heating energy being pushed onto the campus was 
roughly equal and with the campus-scale energy exchange system could become a building-
to-building exchange and transfer opportunity.  
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Figure 1. The Ball State University Geothermal Installation (© R. J. Koester) 
 

 
 
Another discovery of our approach is the relative ease of retrofitting the existing 47 buildings. 
Those that are newer have hot-water-based air-handling exchange and hydronic systems and 
those that are older have relied on steam temperature régimes; both supportable by the 
geothermal district heating and cooling installation. Each retrofit is simply a matter of 
proportioning the face-plate area of exchange coils. 
 
Installing this system on the Ball State campus will eliminate the combustion of fossil fuels 
onsite, reduce our annual CO2 emissions by some 85,000 metric tons (roughly half of our total 
annual impact) and put in place the new strategic platform from which to develop further 
management and reduction of greenhouse gas impact. By eliminating onsite (Scope 1) 
emissions, we will become an all-electric campus, and can then turn our attention to the 
upstream (Scope 2) brown-power supply. From the beginning, we will experience reduced net 
annual cost of operation by eliminating the purchase of coal, and we will experience the 
positive upstream impact of CO2 equivalent reduction, based on the high co-efficient of 
performance of the geothermal technology (wherein every Watt of electric energy purchased 
yields 7.7 Watts of thermal energy generation). This sets in place the opportunity for a similar 
multiplying effect upstream for every building-scale energy conservation move we plan to 
make. We also will look to the sourcing of green power on the grid as a means of leveraging 
further impact from the geothermal installation. Wind power, solar electric, and hydro-based 
electrical generation can all contribute as green power sourcing. 
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VISIONING OF THE CITY OF TOMORROW (TODAY) 
 
The City of Tomorrow as a “vision” is best framed as an extension of the City of Today. The 
majority of our extant building stock is in fact the platform for The City of Tomorrow. We 
must conceptualize the transformation and evolution of that existing fabric and a substantial 
means to do so is to consider the geothermal implantation as the seed for reconsidering urban 
growth and form. 
 
 
 

 
 

- As of 2010, the total U.S. building stock is approximately 275 billion square feet. 
- During normal economic times, we tear down approximately 1.75 billion square 

feet of buildings each year. 
- Every year, we renovate approximately 5 billion square feet. 
- Every year, we build new approximately 5 billion square feet. 
- Herein lies the hope. By the year 2035, approximately three-quarters (75%) of 

the built environment will be either new or renovated. 
- This transformation over the next 25 years represents a historic opportunity for 

the architecture and building community to avoid dangerous climate change. 
 
 

Figure 2. Upgrading existing and new Building Stock by 2030 (© R. J. Koester). 
 
 
 
As noted in the work of Ed Mazria and his Architecture 2030 initiative, fully three-quarters of 
the new and existing building stock in the United States can be brought to Net-Zero-Energy 
performance by 2030. As noted in Figure 2, “the next 25 years represent a historic 
opportunity for the architecture and building community to avoid dangerous climate change”. 
The retrofit and upgrade of existing buildings and the Zero-Net-Energy performance design of 
any new construction, can certainly be undertaken in a building-by-building approach. 
However, the argument framed with this paper is to consider instead whole districts of urban 
fabric as the problem space for design intervention. To the extent that we can reconceive 
buildings as potential producers of energy, understand them as working collectively as a set of 
performing entities, and to the extent we can draw in the active management by building 
occupants, we can arrive at the Architecture 2030 goal more easily. In that context then, the 
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use of geothermal technology offers great promise. The notion of a geothermal ground source 
heat pump installation at the district scale provides a kind of bank account by which to 
achieve day-to-day, seasonal, and annual balancing of flows within any given building and 
from building-to-building. 
 
 
DISTRICT-SCALE IMPLANTATIONS OF NEW CONSTRUCTION 
 
This concept of district-scale, community design and especially implantation of new 
construction is most imaginatively captured in the work of The Center for Sustainable Cities 
at the University of Kentucky. In their proposal for the Westbahnhof Project in Vienna, the 
full urban implantation compound could readily benefit from the strategy of singular 
geothermal district heating and cooling. The particular architecture of the compound, which 
treats the “city (sector) as a hill” of course benefits from the “mounding” of program massing 
to minimize climate envelope exposure and maximize spatial character of the urban 
implantation. Mimicking the spatial experience of the Italian hill town, the project benefits 
from numerous shared resourcing including pedestrian circulations aggregated separately 
from vehicular circulation, opportunities for maximized energy production from overall 
orientation of the linear scheme and localized inflection of climate interface at the scale of 
dwelling units or unit groups; while underneath the outer layer of this residential fabric, there 
can exist larger scale community space including factory production, retail and warehousing. 
 
While the Westbahnhof Project reflect tremendous insight and vision, it amplifies the notion 
of district scale energy management as a point of entry in the district-scale retrofit of existing 
building stock and the district-scale implantation of new construction. Certainly in support of 
the argument presented by Ed Mazria, and as reflective of the experience of this 47 building 
complex at Ball State University energy balancing is the fundamental key to successful 
design-for-sustainability and reduction of climate disruption. 
 

 
 

 

 
Figure 3. Aerial view from the southeast, overlooking the Shoenbrun Palace (© R. J. Koester) 
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SUMMARY AND CONCLUSIONS 
 
Geothermal technology is not new, its conceptual application, however, can be. Using the 
power of successive scalar aggregation through ground-source-heat-pump district heating and 
cooling, geothermal can unleash new opportunities for reconceptualizing the location, form 
and surface features of our urban fabric, the role of geothermal as an energy balancing/trading 
tool, and the influence of these changes on building occupant understanding of the city as an 
organic system. 
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