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Notes Regarding Appendix D: 

 

¢Ƙƛǎ ŀǇǇŜƴŘƛȄ Ŏƻƴǘŀƛƴǎ ŎƻƴǘŜƴǘ ŦǊƻƳ ŀƴ ƛƴǘŜǊƴŀƭ ǎǘǳŘȅ όάCornell University Campus Distributed Heating 

System Long-Term Planέύ ŎƻƳǇƭŜǘŜŘ ƛƴ WǳƴŜ нлмр ōȅ CŀŎƛƭƛǘƛŜǎ 9ƴƎƛƴŜŜǊƛƴƎ ǳƴŘŜǊ ǘƘŜ ƎǳƛŘŀƴŎŜ ƻŦ 9ƴŜǊƎȅ 

& Sustainability (E&S).  This study was aimed at evaluating the long term costs and benefits of options 

related to the campus district heating system. 

The purpose of including the prior work was as follows: 

¶ To assess the costs and benefits of maintaining the existing (steam) district heating system 

versus other long-term options (partial or full conversion to hot water) 

¶ ¢ƻ ǇǊƻǾƛŘŜ ŜǎǎŜƴǘƛŀƭ άōŀŎƪƎǊƻǳƴŘέ ƛƴŦƻǊƳŀǘƛƻƴ that could be used by a consulting firm in the 

future to help with any proposed re-design or expansion needs (without such a report, this 

information was only available in multiple locations and some prior information was outdated). 

The attached document is an update of the 2015 report.  Some information from the 2015 report (and 

included in this appendix) has been superseded or is no longer valid, and the scope of the two studies 

differed.  Specifically, readers should note the following: 

¶ The cost information contained herein has been redacted.  To properly inform the CNCEAR, E&S 

staff conducted a cost-estimating workshop that included creating a conceptual model for a new 

hot water conversion and included contingency and project costs at levels not included in the 

2015 report.  To avoid confusion on expected costs, cost information in this report was 

redacted.  The updated cost estimates are much higher and are reflected in the CNCEAR report. 

 

¶ Due to this (substantial) change in costs, essentially all of the financial evaluations of this report 

are no longer valid.  Notes have been added to this effect throughout the text. 

 

Despite this significant change, Appendix D was included as it does provide further details not included 

in the CNCEAR which may be of interest to those planning future changes on campus.
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EXECUTIVE SUMMARY AND RECOMMENDATIONS  

Overview 

This report includes the following: 

¶ Documentation of the existing Campus Distributed Heating (steam-to-hot-water) system physical 

and operational parameters 

¶ Documentation of existing and previously-developed capital plans for improvements to the 

system  

¶ Recommendations for potential improvements to the system, including applicable costs and 

impacts on operations and reliability 

¶ Analysis of, and recommendations for, future capital planning strategies to achieve University 

goals including: 

Å Minimize future capital expenses and operating expenses (quantified as an overall 

ñPresent Valueò of expenditures over time)  

Å Operate in an environmentally-responsible manner 

Å Provide opportunities for the incorporation of renewable, recoverable (waste), or recycled 

heat into the central heating system 

Primary Conclusions 

The study and analysis of the existing steam supply and distribution system resulted in the following 

primary conclusions: 

¶ The existing steam supply and distribution system is effective.  The system reliably provides the 

heat for campus needs and is well-maintained. 

¶ Energy conservation has been extremely effective at avoiding unneeded growth in steam demand 

and related capital needs. 

¶ Despite astute management, the thermal losses in the distribution system are significant (about 

19% of all energy entering the distribution system is lost between the central plant and the served 

buildings).  Losses of this scale are typical for steam distribution systems. 

¶ A conversion of the distribution system to a lower-temperature system (hot water) is necessary to 

allow centralized integration of renewable or low-carbon energy as required to pursue Climate 

Action Plan (CAP) initiatives.  It will also result in a significant reduction in distribution loss 

(reducing the ~19% losses to losses in the ~1-4% range). 

¶ Buildings designed for lower temperature hot water supply and return will increase system 

efficiency and enable to effective utilization of input energy. 

¶ Modern hot water distributions systems are less expensive to design, build, and operate and are 

safer than steam distribution.  However, due to the ñsunk costò of prior steam distribution 

investment, immediate replacement of the steam system with a hot water system likely cannot be 

achieved while meeting the rigorous Present Value (single-bottom line) financial objectives based 
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on the desired University real discount rate (investment return rate) of 5.4%.  Well-planned and 

thoughtful incremental replacement over time it necessary to simultaneously meet both financial 

and non-financial goals.  

Section 5 includes more details on this analysis; Section 6 discusses these conclusions in greater detail. 

Summary Recommendations 

Recommendations resulting from the analysis described in this report include the following: 

¶ Maintain the primary steam supply system.  While alternative low-carbon or no-carbon 

solutions are a longer-term goal, the proper operation and maintenance of the existing steam 

supply system will ensure reliable and cost-effective campus heating in the interim and will 

provide a back-up source to any new system until proven out. 

¶ Maintain or enhance redundancy of heating supply and distribution capacity whenever the 

system is expanded.  Redundant supply equipment ensures that campus needs can be met despite 

occasional equipment failures and facilitates timely equipment maintenance; redundant 

(ñloopedò) distribution systems enhance reliability and supply constancy and permit distribution 

system repairs and improvements without unacceptable service disruptions. 

¶ Continue aggressive energy conservation.  Energy conservation at both the building and system 

level is the most cost-effective tactic for avoiding unnecessary capital expansion of supply and 

distribution systems and reducing costs for future replacements.  Cornellôs energy conservation 

programs have significantly reduced both steam peaks and average loads. 

¶ Extend the distribution of hot water, starting at the distribution periphery .  At the building 

level, nearly all steam is converted to hot water for heating and hot water use.  A gradual and 

well-planned expansion of peripheral hot-water loop sub-systems serving multiple buildings, such 

as currently in place for portions of West and North campus, significantly reduces the 

maintenance burden of steam traps and similar conversion equipment, improve safety and 

reliability, and improve system performance by reducing thermal and water losses.  Maintenance 

can then be focused on the most critical ñcoreò of the (remaining) steam distribution system. 

¶ Establish and enforce formal heating system design standards that prescribe building 

system temperatures immediately.  Future buildings and current building heating system 

upgrades should be designed to allow for both a lower supply temperature and a significantly 

reduced return temperature limit. This would significantly reduce costs of future system 

infrastructure and enable integration of cost-effective renewable and waste heat recovery as these 

technologies are developed and implemented. 

¶ Complete a systematic evaluation of existing buildings to document individual building 

temperature settings and needs.  Utilize this information to plan and implement adjustments to 

building control settings and plan future system modifications necessary to allow lower-

temperature building services. 

¶ Before 2035, convert the current ñprimarily steamò system to a ñsteam-driven cascading 

heat systemò.   In this improved system, the majority (or all) of the campus heat is distributed as 

hot water.  As alternative heat sources (i.e., Earth Source Heat, Heat Pumps, Biomass Boilers, or 

similar) become available, this system will allow integration of these resources at low cost. The 

life cycle cost (Present Value) of this solution is slightly lower than the ñBusiness as Usualò 

based on predicted gas pricing without carbon taxes or other incentives/disincentives, and this 
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solution is necessary to accommodate renewable energy (Earth Source Heating) in the future.  

This solution offers the lowest environmental impact (lowest ñcarbon footprintò), enhances 

reliability, and improves safety of the options studied.  

¶ Purchase software and build an in-house steam system model to replace the current model 

prepared by outside consultants.  Software appears to now be available which is affordable 

($5,000-7,500) and designed for this task.  Creating and utilizing an in-house model supports 

essential planning, design, and construction impacts support for Energy & Sustainability in their 

management of the steam system. 

Section 6 provides more detailed recommendations, expanding on the recommendations included in this 

Executive Summary. 
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SECTION 1: PURPOSE AND SCOPE 

 

Purpose and Scope 

The purpose of this project is to provide guidance and recommendations for future capital and O&M 

actions to ensure a reliable, efficient, and effective thermal distribution system.   

The current thermal distribution system is highly reliable.  However, the costs for operating and 

maintaining this system are substantial and increasing over time; continuing planning is important to 

ensure that improvements keep pace with aging of the system.   

Additionally, thermal distribution system heat losses represent a significant opportunity for primary 

energy supply (and associated greenhouse gas emissions) reductions, a goal of Cornellôs Climate Action 

Plan.  The 2014 Cornell Energy Fast Facts estimate that losses in the thermal distribution system (the 

difference between metered exported steam and cumulative metered steam used in buildings) average 

~19%.  Other internal estimates, as documented in this report, similarly suggest net losses are in the range 

of 15-20% overall.  Reduction of these losses represents the greatest single opportunity for reducing 

greenhouse gas emissions campus-wide with the exception of Earth Source Heating or a similar 

alternative central energy technology that requires no fossil fuel.   

Cornellôs thermal losses, documented herein, are considerably lower than many other older institutional 

steam systems.  For example, the U.S. Army Corp of Engineers (CRREL Report 95-18, 1995) estimated 

that over 40% of energy is lost from typical military steam distribution systems due to the inherent 

challenges of steam distribution and inadequate maintenance.  Other sources (IDEA) suggest that losses 

of 15-20% are common even for well-maintained steam distribution systems like Cornellôs.  Nonetheless, 

this ~19% loss represents a substantial amount of wasted heat and energy overall and an opportunity for 

measureable improvement in overall campus energy performance. 

Moreover, source-substitution technologies under consideration as part of the Climate Action Plan all 

require a lower-temperature heating distribution system to be feasible.  In some cases (such as heat 

pumps), a lower-temperature distribution system is not only preferable, but absolutely necessary.  For 

other potential alternatives, as documented in this report, a lower-temperature distribution system may not 

be technically essential but is in all cases necessary to make the technology cost-effective and practical. 

While energy savings are laudable, significant systematic changes must also be fiscally-responsible and 

consider the importance of high reliability.  A primary goal of this study is to provide information and 

tools to help determine if thermal losses can be reduced in a manner that is cost-effective and does not 

adversely impact reliability. 

The scope of this work is the entire heat distribution system for Cornellôs Ithaca Campus, from central 

plant boilers (including Heat Recovery Steam Generators, or HRSGs) at the Central Energy Plant (CEP) 

to the campus buildings that are fed by the CEP.  Within that scope, this Plan should encompass the 

following goals: 

¶ Document the existing conditions and system constraints, to aid in future operations, 

maintenance, and planning 

¶ Recommend design and policy standards for infrastructure to enable future reliability and cost-

effective operations of the heat distribution system 

¶ Recommend future best practices for the current steam system that encompass these primary 

goals: 

a. Meet campus demands 
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b. Maintain high reliability 

c. Improve safety 

d. Keep life-cycle costs as low as practical 

e. Accommodate sustainable (lower ñcarbon footprintò) operation in future years 
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SECTION 2: STEAM SYSTEM DESCRIPTION  

 

System Introd uction 

 

The Cornell Central Energy Plant (CEP), located on Dryden Road, provides co-generated steam for space 

heating, hot water, and research needs to over 150 buildings on the main campus.  Steam is distributed 

through a buried steam pipe distribution network totaling over 13 miles of pipe.  Condensate is returned 

to the CEP through a similar buried pipe distribution network with a similar length of pipe. 

The steam is produced from a combination of two dual-pressure heat recovery steam generators (HRSGs) 

associated with two 15 MW gas turbines and from additional boilers fueled primarily by natural gas.  

Most of this equipment also will accept #2 fuel oil as a back-up fuel.  Two additional dual-fuel boilers 

will be installed in 2015 to provide reliability to the steam system (replacing temporary boilers installed 

during the heating seasons from 2012-2015). 

Operating boiler combinations are determined based upon facility load, fuel costs and operational 

considerations.  With the exception of the low-pressure HRSG stage (designed to improve overall 

efficiency), steam is produced by the HRSGs (high pressure state) and boiler(s) at high pressure and 

reduced using steam turbines (cogeneration).  The byproducts of the steam pressure reduction through the 

steam turbines (together with the low pressure HRSG stage) are low pressure steam and additional 

electricity. 

Existing Steam Production 

As noted above, the Central Energy Plant system consists of multiple boilers and HRGSs producing high-

pressure steam.  Table 2-1 provides a summary of these units.  

 

Table 2-1: Steam Production Capacity 

 

Boiler/HRGS No. Steam Pressure 

Output (psig) 

Reliable Capacity 

(lbs/hour)* 

Year in Service 

HRGS 1 400/200 148,000 2009 

HRSG 2 400/200 148,000 2009 

Boiler 5 400 88,000 1965 

Boiler 6 400 97,000 1993 

Boiler 7 400 97,000 1993 

Boiler 3 (2015) 400 75,000 2015 (scheduled) 

Boiler 4 (2015) 400 75,000 2015 (scheduled) 

TOTAL  
 729,000 (gas)  

453,000 (oil)* 

 

*Note: Tested capacity.  Boilers are dual-fuel with the exception of Boiler No. 5, which can only 

operate on natural gas.  HRSGs capacity running on oil are also lower (~ 59,000 lbs/hr each) 

since HRSG output is bolstered by duct burners, which only accept natural gas. 

 

The CEP also includes primary equipment which helps support the steady production and 

distribution of steam.  Support equipment includes: 

 

¶ De-aerator (DA) system (rated for 350,000 pounds/hour) with feed-water equipment 

¶ Condensate system surge tank (replaced in 2014) 
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¶ #2 oil storage tank (662,000 gal) and transfer equipment.  This system dates to 1959, but 

reduced in volume and refurbished in 2008. 

¶ A high-pressure direct natural gas piping system connecting to an interstate pipeline 

(installed in 2008) 

¶ A comprehensive central Plant Control System (most pre-2008 controls were replaced 

over the period 2012-2015) 

 

In addition to the primary electrical generation in the combustion turbines, the additional generation of 

power through the steam turbines is also substantial.  Steam generated at 400 psig is processed by two 

steam turbine generators to generate up to 8 MW of electricity, reducing the steam pressure to 75 psi in 

the winter (when steam demand is highest) and 35 psi steam in the summer for campus uses. However, 

several units (including the final HRGS sections) generate lower-pressure (200 psig) steam; this steam has 

insufficient pressure for the steam turbines and is used for distribution purposes only. 

Distribution System Description 

 

As noted above, steam is generated by a combination of HRSGs and stand-along boilers at a pressure of 

either 200 or 400 psi.  The 200 psi steam is used primarily for heating purposes and fed directly into the 

distribution header after pressure reduction.  The 400 psi steam is fed to one of two Steam Turbine 

Generators (STGs) that first use the steam to generate electricity.  The byproduct of the steam turbine 

generator is low pressure steam distributed to campus for heating purposes. 

The steam piping system originates from the Central Energy Plant (CEP).  Cornell maintain a 

comprehensive mapping and inventory of steam piping assets throughout the system.  Figure 2-1 shows a 

simplified plan view of the system map.  Cornellôs digital mapping includes data about all segments of 

the distribution system, including piping size, age, materials, manhole locations, valve locations, and 

similar information. 

Figure 2-2 shows the portion of the system nearest the heating plant supply, Three (3) steam supply lines 

exit the CEP; the first two are 18ò (nominal diameter) and leave in a northerly direction toward central 

campus.  On the north side of Cascadilla Creek, the easternmost line reduces to 16ò.   The third line is 16ò 

and heads towards the western end of campus.  The 18ò steam line branches east and west following 

Campus Road and again east and west at Tower Road.  The East Branches feed the State-Owned 

buildings on the East Campus.  The second main follows Hoy Road and feeds the Endowed Buildings on 

the West side of Campus and eventually to the residences on the North Campus.  The two feeds tie 

together along Tower Road between East Avenue and the Alumni Fields.  These connection points allow 

for diversion of steam in the event of pipe failure, replacement or repair, as well as pressure stability 

through a wide range of building demands. The distribution system includes other strategically-placed 

loops that improve reliability and constancy of pressure, as generally shown in Figure 2-1, although there 

are locations along the perimeter (for example, the feeds to West and North campus) where a single steam 

line feed is critical for groups of facilities.  In addition, essentially all facilities are each fed from a single 

distribution lateral, so maintaining these lines is critical to reliability. 
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Figure 2-1: Overall Distribution System Map 

While all of the largest campus building demands are served by the central system, some outer portions of 

campus (previously referred to as ñPrecincts 7, 8 and 8Aò) are not served by steam from the Central 

Heating Plant, and another areas (former ñPrecinct 9ò) has only a small steam service. 

During the process of converting steam to building heat (hot water), condensate is produced.  To recover 

as much water and entrained heat as practical (i.e., to optimize system efficiency and reduce water and 

water treatment costs), condensate is collected at each building and pumped back to the CHP.   In 

addition, condensate resulting from system thermal losses is removed at select manholes along the 

system.  Due to the need to remove some water impurities and because of the inevitable loss of some 

condensate in the system, some make-up water is needed.  Overall, boiler water make-up is approximately 

180 million pounds of water per year.  This equates to a water make-up rate of about 15%, based on the 

~1.2B pounds of steam leaving the CEP annually. 

Steam condensate collected within the system and at each building is returned to a storage tank where the 

water is reconditioned (filtered and chemically-treated).  The water is then pumped to a de-aerator, where 

the oxygen is removed, and finally back to the operating boiler(s), where it is once again converted to 

steam to complete the cycle.  

To meet campus demand, the HRSGs (with optional variable input duct burners) are typically utilized 

first, then other boilers are brought on line as needed, subject to operating limitations. Combustion 

Turbine/HRGS combinations are generally utilized only as needed to meet campus steam demand 

(generally requiring one set in summer and both sets at other times), although some exceptions are made 

(i.e., some excess electricity may be generated during summer when electric rates are highest, or over 
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period when operating limits or conveniences justify steady operation).  When campus demand exceeds 

the capacity of full-operating HRGSs (with full duct burner operation), other boilers are brought on line to 

match load.  In this way, operation is termed ñload-followingò.  However, for reliability reasons one or 

more boilers may run at low output on oil, especially in winter, so that this dual fuel capability is 

available on short notice in the event of any gas or combustion turbine interruption. 

 

Figure 2-2:  Heating Distribution Supply from CEP 

 

Steam Demand 

The steam needs of campus vary continuously based primarily on campus activity and weather 

conditions.  A plot of a typical annual steam production is shown as Figure 2-3.  While steam use year-

round averages about 150 MMBtu/hour with hourly peaks in the range of 400 MMBtu/hour (2014-2015 

peaked at 378 MMBtu/hour). 

 

Steam distributed to campus is utilized by roughly 150 individual campus facilities.  Nearly all of the 

steam use is for building heat and/or hot water, and is generally transferred to the buildings through a 

steam-to-hot water converter at the building location.  In a few areas, the steam-to-hot water converter 

supplies multiple buildings, including small building complexes (such as in North Campus, where a hot 

water supply sub-system provides heat to a townhouse complex). 
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Figure 2-3: Cornell Campus Central Steam System Hourly Production (Typical Year) 

 

Peak steam demand dictates both supply and distribution sizing.  To plan for future steam needs, a steam 

demand study, focused on peak supply needs, was commissioned in 2013 and concluded in 2014.  This 

study provided the estimates of current and future steam demand as indicated in Figure 2- 4. 

 

 
Figure 2-4: Future Peak Demand Forecast 

 

Note that the vertical scale is not zero-based; the overall increases appear significant but are actually 

relatively modest (about 6% over 15 years).  Even those relatively small forecasts increases may be too 

high; although this study included a consideration of the impacts of energy conservation, it now appears 

that energy conservation efforts may have been significantly more successful than predicted, based on 

steam use in the winter of 2014-15. 
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Energy Conservation: Impacts of Steam Demands 

Multiple large scale energy conservation efforts have been implemented at Cornell over the years. Some 

significant efforts are outlined here.  These include both supply-side projects (which reduce the input 

energy needed to supply campus heat and electricity) and demand-side projects (which reduce demand at 

buildings and facilities).  Full-time staff including two experienced Certified Energy Managers help 

oversee the Universityôs energy management program for the central plants (supply side) and the 

buildings (demand side).  With decades of staff experience, energy conservation at Cornell is showing 

extremely positive results rivaling any institution in the nation. 

Supply-side projects in the last several decades have included: 

¶ Microprocessor-based control equipment replaced former digital controls, starting in about 1985, 

providing much higher reliability, accuracy and automation and allowing optimization of boiler 

dispatch.  Digital controls have been periodically enhanced and upgraded ever since this 

conversion. 

¶ Boiler steam pressure was doubled to 400 psig in 1985 so that cost-effective steam turbine 

electric generators could be installed.  These steam generators now generate 30 million kWh per 

year in electricity (approximately 12-15% of total campus use) at about twice the thermal 

efficiency of conventional power plants. 

¶ The Combined Heat and Power Project (2008) added twin 15-MW combustion turbines with heat 

recovery steam generators to allow for primary (gas-driven) co-generation.  Since this addition, 

the CEP has two stages of electrical generation (utilizing the combustion turbines first, then the 

steam turbines), allowing Cornell to cost-effectively produce most (85%+) of the electricity 

required to operate the campus annually. 

¶ Other supply side energy conservation projects include variable speed drive draft fans, pump and 

fan variable speed drives, lower plant distribution pressures, installation of various technologies 

for improvements on combustion efficiency, replacement of Boilers #6 and 7 (and current 

replacement of former boilers 1 and 2 with new boilers 3 and 4), and distribution system leak 

repair and insulation upgrades. 

On the supply side, dramatic and lasting conservation results are achieved by continuously optimizing our 

building automation and control systems, heat recovery systems, and lighting systems.  Conservation-

focused preventive maintenance on these systems reduces usage and maintains performance.  

Conservation studies and capital improvement projects add the latest features that can be cost effectively 

retrofitted to existing systems.  New construction and renovation on campus are guided by mandated 

features, energy usage intensity goals, and life cycle cost benefit analysis.   

The Energy Conservation Initiative (ECI) reduces both total demand and peak demand.  The overall 

steam savings are forecasted at 70,000 klbs/year by FY 2015, ~7% of the typical ~1,000,000 klbs in 

annual steam sales. The percentage reduction in the peak is assumed to be half of the sales reduction, or 

~3.5% of the peak (about 14 MMBTU/hour of ~400 MMBTU/hour). 

ECI efforts were projected to negate the impacts associated with current construction projects, reducing 

the peak to 404 klbs/hr for 2015 and keeping the peak curve for 2020 comparable with the pre-ECI (2012) 

peak curve.  By 2030, barring future similar successes and allowing for modest growth, the 1-hr peak 

steam demand is projected to be 429 klbs/hr, an increase of approximately 4% over the calculated current 

peak of 412 klbs/hr.  
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The success of energy conservation may be understated, based on the performance of the system over the 

2014-15 winter.  During that winter, which included a record-setting cold February in Ithaca, New York 

(with a total of 14 days with temperatures reaching below 0oF, two days with temperatures at -18oF or 

below, and an average temperature over the entire month of 10.3oF) steam demand peaked at only 378 

kBtu/hour.  Moreover, this peak was for only one hour, on a -22oF morning, which was below the 

calculated-basis -20oF minimum value.  Peaks on other days were more than 10% below the peak 

predicted based on prior data based on exterior temperature, suggesting consistently lower steam use than 

predicted. 

 

Overall, recent performance, combined with detailed projections, suggests that reduction in system losses 

and continued energy conservation could eliminate additional steam project needs in future years for 

decades, preventing the need for supply system expansion.  Nonetheless, maintenance and end-of-life 

replacement of steam-producing systems will  still be needed, and some expansion is possible if growth 

outpaces projections, decisions are made to curtail aggressive energy conservation in the longer run, or 

climate change results in colder-then-predicted future winters. 

 

 

 
Figure 2-5: Campus System Divided into Sub-Systems 

 

Steam Use by Area of Campus 

 

Cornell also has individual steam monitoring at nearly every building on its system and therefore can 

determine steam demand on a building-by-building basis, or for specific areas of campus.  Figure 2-5 

provides a summary of the system usage through different areas of campus.  In this figure, distribution 

ñsub-systemsò that each consume ~40-50 MMBtus at peak (~10-14% of the total system peak) are shown 

in varying colors. The ñboundariesò of the various campus areas shown are somewhat arbitrary; Figure 2-
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5 provides a general sense of how diverse the heat demand is and what portions of the system have the 

greater demands. 

 

High-Use Buildings and Individual Building Use Data 

 

The present generated steam used by all metered campus buildings is about 1.04 trillion BTU (per 

FY2013 Cornell University Energy Fast Facts).   

 

Certain facilities have higher steam demand than others.  These facilities are shown in Figure 2-6.  Table 

2-2 provides data on the use in these facilities; as the table indicates, the heating demand of these 10 

buildings consume about 30 percent of the overall metered steam energy use. 

 

 
 

Figure 2-6: ñTop 10ò Steam Use Buildings 

 

When considering peak loads rather than annual usage, the list is similar.  As seen in Table 2-3, RPCC 

(which also includes the adjacent high-rise residences) now occupies the top line due to a higher peaking 

factor (higher peak-to-average steam requirement).  In this case, 11 buildings are shown as the bottom 

three have similar peak loads; these 11 buildings in total require about 36% of the peak steam use of the 

campus. 
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Table 2-2: Building on Campus with Highest Annual Heat Demand 

Facility name 

FY13 

Steam use 

(MLB)  

% of 

Campus 

Total 

Veterinary Medical Center      49,788  5.28% 

Robert Purcell Community Center (RPCC)       36,057  3.82% 

Duffield Hall      29,070  3.08% 

Weill Hall       26,237  2.78% 

Baker Laboratory      26,143  2.77% 

Bradfield Hall       24,671  2.62% 

Mann Library       23,887  2.53% 

Biotechnology       22,738  2.41% 

Tower Road East Greenhouses 1045G      22,427  2.38% 

Olin Chemistry Research Wing      21,170  2.24% 

 

 

Table 2-3: Campus Buildings with Highest Peak Steam Usage 

 

 

Facility Code & Bldg Name 

Annual 

Steam Use 

(2013) klbs 

Est Peak 

(-20oF) 

(#/hr) 

Aver 

Steam Use 

(#/hr) 

Peak-

to-aver  

ratio  

% of total 

system 

peak 

3212 Robert Purcell CC (RPCC) 36,057 35,000 4,120 8.5 8.6% 

1164 Vet Medical Center 49,788 20,000 5,684 3.5 4.9% 

2019 Baker Lab 26,237 15,000 2,995 5.0 3.7% 

1150C Shurman Hall 21,058 12,000 2,404 5.0 2.9% 

2000 Duffield Hall 29,070 12,000 3,318 3.6 2.9% 

1014 Weill Hall 26,237 12,000 2,995 4.0 2.9% 

1018 BioTechnology 22,738 10,000 2,596 3.9 2.5% 

2083 Olin Chem Research 21,170 8,500 2,417 3.5 2.1% 

1045G Tower E Greenhouses 22,427 8,000 2,560 3.1 2.0% 

1068B Guterman Lab 21,871 8,000 2,497 3.2 2.0% 

1028B Bradfield Hall 24,671 8,000 2,816 2.8 2.0% 

 

A complete tabulation of the steam demand for all 150 metered buildings on campus is included as 

Appendix C.  

 

Steam Quality (Pressure and Temperature) Demands 

 

Steam demands vary by building.  Most buildings use steam converted to hot water to provide building 

heat and (usually) hot water needs.  Until about 2013, the typical building heating system was designed 

(i.e., heat transfer and delivery equipment sized) based on the availability of steam at a minimum of 35 

psig (corresponding to a saturated steam temperature of at least 281oF).  No explicit standards exist 

currently to otherwise restrict either the temperature used for sizing internal heat transfer sources (like 

coils or radiators) or to ensure that adequate transfer occurs to minimize return temperatures.  As will be 

discussed later, these types of standards may be critical to cost-effective replacement systems in the 

future.  Currently, building supply loop temperatures typically range from about 180oF to almost 200oF, 
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while building heating loop return temperatures (which are currently are not typically monitored) are said 

to range from about 140oF to about 170oF. 

 

In addition to these ñstandard requirementsò, a few building have special needs. Table 2-4 below lists a 

sampling of buildings with known special steam or heating requirements (a recommendation is that a 

systematic evaluation of all buildings be documented so that building-by-building temperature and special 

needs are available for future planning and design). 

 

Table 2-4: Sampling of Buildings with Special Steam Requirements 

 

Building Name Special Steam Requirement 

Riley-Robb This building is heated directly by steam, not hot water 

Vet Med Facility, 

Human Ecology, 

CALS, Vet 

This building includes an autoclave that uses steam directly 

Stocking Hall Dairy While heating is with hot water, this building also uses a 

smaller (unmetered) amount of direct steam to provide 

ñinstantò hot water for sanitary cleaning needs. 

Vet Class Expansion This building is being designed to allow heating with a lower 

temperature (200oF) source. 

Guterman Lab Associated greenhouses have a steam sterilization unit 

UHSF Designed for lower temperature building heat (160oF) 

 

Distribution System Condition, Assessments, and Maintenance 

Portions of the distribution systems date to the early 1920ôs.  Over a decade ago, Cornell implemented a 

plan to replace the majority of the distribution system. Replacement has continued incrementally.  Table 

2-5 below provides some basic statistics regarding current system age based on information from the 

steam model. 

Table 2-5: Heating Distribution System Length and Age 

Distribution Sub-

System 

Total Piping Length (linear feet) by age 

<  20 years old 20-40 yrs old >  40 years old 

Total 30,254 15,293 15,868 

 

The figures above do not include system laterals to the buildings. 

The condition and suitability of the distribution is continually assessed using both highly formal and less 

formal processes.  Formal inspection programs include annual steam manhole inspections, periodic 

inspections at building entry points, responses to issues (visible steam reported at vent, manhole, or 

building), and an annual infrared fly-over.  Other inspection programs are conducted periodically in 

response to any systematic concerns (i.e., questions about condition of steam traps, etc.) 
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Condition assessments may result in immediate actions (as it typical for even modest steam leaks) or for 

longer range capital planning (for example, where infrared measurements suggest a section of piping has 

higher-than-normal heat loss).  In addition, as seen in Figures 2-5 and 2-6, heat losses from steam can 

sometimes be apparent at the surface during certain weather conditions; in this photos surface snow-melt 

has been accelerated in areas directly above a steam line with a suspected leak or insulation failure. 

 

  

Figures 2-5 and 2-6: Surface snow melt revealing heat loss along steam line (2014) 

 

Steam System Modeling 

Cornell Energy & Sustainability (then Cornell Utilities) commissioned for the development of a steam 

system model in ~2001 to provide a tool for analyzing the impacts of various steam pipe sizes and new 

building demands on overall steam pressure and availability.  This model was jointly developed by 

Utilities (providing the bulk of the data from system records) and a consultant (GIE, now CHA) who 

ñownedò, built, and ran the model on a contractual basis on behalf of Cornell. 

The modeling software was initially developed to model pipelines with compressible ideal gases, 

however, the software has been found applicable for modeling steam as well. 

Cornell has in the past reviewed the option of purchasing software and having internal energy engineers 

use that software to help manage the system.  Barriers to that approach have included the high cost of the 

software (due to the limited number of large steam distribution systems currently still in operation, there 

is a limited market to help offset the high price of software development) and the expertise needed to set-

up and run the programs. 

A more recent investigation into the availability of software found that most of the commonly-marketed 

software systems available are marketed as ñfull-service packagesò requiring expensive (~$100K or 

more) annual feels by consultants to set up and manage.  Many such systems are not available for private 

purchase or are not designed so that an engineer or staff person knowledgeable about their system, but not 

about the quirks of the software, could reasonable utilize the project.  However, an engineering contact of 

Bill Sitzabee, Cornell Vice President for Project Administration and University Engineer, recommended 

the following software package, should Cornell wish to own and operate their own steam model: 

¶ For total plant supply and generation equipment:   

o ThermoFlow (Thermoflow, Inc, Southborough MA) 
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o GateCycle (General Electric product, part of ñGE-Enterò software suite) 

¶ For distribution systems: 

o AFT Arrow (for compressive fluids, like steam) or AFT Fathom (for incompressible 

fluids, like hot water) (Applied Flow Technology, Colorado Springs) 

Based on a review of on-line information, it appears that the AFT Arrow software would be suitable for 

our steam distribution system. The ATF Website lists the following pricing for this system: 

Full Licenses Stand-alone Licenses Network Licenses 

AFT Arrow $5,000.00 $7,500.00 

 

The AFT Fathom is prices slightly lower ($4200 and $6300 for stand-alone and network licenses, 

respectively). 

Model Benefits 

Benefits of such a modeling system includes the following: 

¶ Provides the ability to rapidly verify the impact of design or operational changes on the overall 

steam availability in the system.  For example, in a ñloopedò system, the model can estimate the 

steam pressure still available at a distant building when one ñlegò of the loop is taken out of 

service for maintenance or repair. 

¶ Includes a number of ñcalibration factorsò which allow the user to consider real data (steam 

pressure and temperature at various locations in the system) to ñcalibrateò the model and verify 

its reasonableness. 

¶ Allows (with proper calibration) a reasonable estimate of thermal or steam losses in the system, 

and model the impacts that would result from changes to those variables. These estimates are 

important in helping to assess the operating cost impacts of future design standards. 

Steam Model Limitations 

Despite these advantages, the current steam model has some limitations. 

¶ Due in part to limited data on steam pressure and temperatures at sufficient points in the 

system, the current model is not well-calibrated.  For example, it currently predicts much 

lower steam losses (from thermal conversion to water or minor steam losses) than measured 

by other available data sources. 

¶ A significant effort is required (and a lot of data) is required to develop the model or 

significant portions thereof; typically, some shortcuts are made due to incomplete available 

information or the budgeted time allotted to the exercise.  For example, it is very difficult to 

accurately predict the current thermal resistance of the insulation on a 100-year-old steam line 

even as this may be the most critical information needed for accurate thermal loss 

calculations. 

¶ Cornell does not own the software or the rights to run the model independently, and as such is 

dependent on our consultant and their availability to conduct ñmodel runsò.  While this has 

not been a significant concern in the past, it does limit our ability to use the model on short 
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notice to respond to steam emergencies; conduct multiple iterative tests to evaluate multiple 

design options, conduct ñtable-topò training exercises, or otherwise manage our own system. 

¶ The current software provides only a specific set of graphical tools (of limited value) and has 

not been updated to reflect some of the more sophisticated graphical outputs produced by 

other modeling tools.  These graphical tools are often especially useful for communicating to 

an audience less familiar with the characteristics of buried steam distribution. 

¶ The current Cornell model appears to be outdated and does not appear to include the most 

accurate available data.  Les Cooke, who maintains the steam mapping on behalf of E&S, 

believes that the current (2015) information in FPNMS is accurate and that the generators of 

the model may not have used GIS to determine proper lengths; FPNMS documents about 

56,000 linear feet of steam distribution piping while the model shows over 61,000 feet.  

¶ The software has a relatively specialized market.  The sophistication of the analysis combined 

with the small market has, at least in the past, resulted in a relatively high cost of purchase 

and operation. 

Thermal Loss Estimates and Potentials for Improvement 

One goal of a comprehensive district steam management plan is to reduce system losses.  Unlike 

modern hydronic (water-based) heating systems, steam heating systems typically have relatively 

high thermal losses, resulting from basic steam distribution principals: 

¶ Steam is distributed at high temperature, creating a continuous loss of energy by thermal 

conduction in buried piping, and by conduction, convection, and radiation in tunnel-

installed piping.  Even a well-insulated steam pipe is typically designed with the outer 

insulation surface temperature of ~100oF, resulting in steady heat loss to the sub-surface 

or surface environment. 

¶ Steam tunnels are typically ventilated to remove excessive heat and moisture, which can 

destroy waterproofing and damage concrete reinforcing.  Unfortunately, venting may also 

create the unintended result of increased thermal losses.  Insulation breaches or flaws 

increase the amount of heat loss. 

¶ Steam is distributed at relatively high pressure; any leaks in the system will result in a 

loss of steam to the environment.  While Cornell believes there are minimal losses today 

due to aggressive maintenance and replacement programs over the past few decades, in 

many older systems significant energy can be lost in this manner. 

¶ Steam is distributed in a superheated state (as ñdry steamò) but as heat is transferred, the 

steam converts to liquid water and is removed through a variety of distribution line and 

building condensate traps.  While these traps are designed to restrict the loss of steam, 

steam leaks across the seating surfaces of traps (or through traps that are stuck in an open 

position) are commonplace in most larger distribution systems.  Depending on the design, 

some of this steam heat may be captured in the condensate returned to the plant, but other 

portions may be vented by various safety systems in the plants or condensate pumping 

systems.  

Steam thermal losses can be estimated and evaluated by various methods.  Table 2-6 indicates 

some of the methods used by Cornell to evaluate or estimate thermal losses. 
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Table 2-6: Overall Thermal Loss Estimates 

Method Used Loss Estimate Comments 

Metering of 

Production, Export, 

and Building Use 

20-23% (see 

Appendix C) 

Estimate based on steam meters (in plant) and total of 

building (condensate) meters.  This value would 

therefore also include any unmetered steam usage, 

including steam leaks that are unmetered.  Estimate 

already accounts for any energy returned as 

condensate. 

Steam Model 

Estimates 

5% (based on 

review of past 

model run 

output) 

Thermal losses only; does not include any direct steam 

losses or unmetered steam use. Model may not 

adequately estimate losses in oldest sections or at 

building entry points; model does not include laterals 

or other minor piping systems or losses from 

equipment. 

2014 Fast Facts 

Estimate 

19%  Published losses in 2014 Fast Facts   

2009 CAP Estimate 8-12% (overall) From work by consultant AEI during production of 

CAP; analyzed data provided by Cornell.  AEI also 

estimated that older lines (example: line to Guterman) 

had higher losses (i.e., ~340 BTU/hr/ft for this line to 

Guterman).  This represents a significantly higher unit 

heat loss (~20%) than the overall estimate of 8-12%. 

Industry Values 8-40% (steam) 

1-10% (water) 

Sample of wide range of typical values found in the 

literature USAF; USACOE; IDEA; university studies) 

Annual fly-overs Qualitative only Uses infrared to reveal subsurface areas of high heat 

loss.  Might be possible for consultant to use color 

variation to create some estimates 

Frequent Visual 

inspections 

Qualitative only Staff trained to observe for steam leaks and insulation 

failures and repair same promptly.  Could enhance with 

infrared inspections to check for trap failures? 

Steam 

pressure/temperature 

measurements 

Spot Checks Used for trending and verifying overall performance; 

can aid in model calibration; limited sites currently (3 

of which 2 are operational 2014). 

Metering Trending Plant meters used daily to verify performance at plant; 

building meters are available for trending to check for 

changes in measured usage (or possible meter 

problems). 
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SECTION 3: BASELINE CAPITAL AND OPERATING PLAN  

This section documents the baseline capital and operating plan for the Distributed Heat System.  This plan 

is based on maintaining the current steam system and is the basis for comparison of alternatives as 

detailed in Section 5 ï Alternatives Evaluation. 

Current Planning Process 

Cornell University currently (2015) approves capital planning on a year-to-year basis.   Although capital 

spending projections are provided for future years, these projections are not ñapprovedò spending plans 

and often are altered considerably based on University resources and priorities.  Depending on financial 

conditions and priorities, work may be advanced (to enhance reliability) or deferred (to save money).  

Cornellôs Utilities professionals have engaged in departmental capital renewal planning for decades to 

promote the right balance of spending to ensure reliability without excessive costs. 

The current best-documented example of longer-range capital renewal/planned maintenance planning is 

through the Facilities Physical Needs Management System (FPNMS) system.  The FPNMS system 

includes a systematic and complete inventory of every section of steam piping and every manhole within 

the Cornell System, with data on materials and ages of these systems and a projected date for renewal 

(replacement) of the system based on age.  As such, FPNMS provides the basis for long-term capital 

planning. 
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Figure 3-1: Future Capital Spending (in 2015 Dollars) as predicted by FPNMS 

As shown in Figure 3-1, the total capital spending (i.e., total value of the steam distribution system) over 

the planning life of FPNMS (which approximately coincides with the expected services life of the steam 

system) is about $118M (2015 dollars). 

FPNMS is a useful planning tool, but it is not itself sufficient for capital planning. While FPNMS 

provides a reasonable expectation of future expenditures based on pipe age, the actual future expenditures 

will likely be less efficiently implemented.  Like any utility, replacement tends to occur in a less 

predictable manner, reflecting an aim towards overall campus construction efficiencies.  For example, the 
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construction of a major building or reconstruction of a primary roadway is typically accompanied by 

significant utility work required to serve new loads, re-route utilities away from conflicting infrastructure 

needs, or replace older but not end-of-life sections during a period in which the area is already disturbed, 

to avoid a second disturbance (and need to repave or resurface) at the true utility end-of-life.  Similarly, 

there is significant manhole repair work in recent years that has resulted from road salt intrusion into 

manholes; many of these systems were not at the ñend of lifeò calculated by FPNMS.  Most of these 

situations result in additional utility spending that may not be captured by FPNMS estimates. 

Conversely, some items identified for replacement by FPNMS may be deferred.  For instance, a section of 

piping that is at its theoretical end-of-life, but not showing signs of imminent failure, may be deferred 

several years for replacement if other replacement work is planned in the area that might be cost-

effectively combined with the replacement of the end-of-life system.  In these cases, using FPNMS to 

calculate Present Value of future expenditures may tend to over-predict that cost. 

Considering all of these factors, it is acknowledged that an FPNMS Present Value analysis will likely 

under-predict the true Present Value of all future work, but nonetheless provides the best available basis 

for making this ñBase Caseò estimate. 

Incorporating and Evaluating Risk  

Creation of a viable capital and operation plan to evaluate appropriate future expenditures must include an 

evaluation of risk.  This risk evaluation considers both the risk of action (which may vary by the action 

chosen) and the risk of no-action.  Typically, these factors are combined to form a quantified ñrisk 

matrixò that allows a utility planner to weigh various risk probabilities and impacts to determine a 

quantified risk for each portion of the system. 

Risks to consider when evaluating when and whether to replace all or portions of Cornellôs existing heat 

distribution infrastructure include the following: 

¶ Age and condition:  while much of the system is in good shape, there remain portions which are 

very old, some of which includes asbestos-cement piping or asbestos-containing insulation. 

¶ Impact of failure: the number and use of buildings in various portions of the system and the 

assumed impact of failures of various portions of the system need to be considered.  For example, 

accommodates may generally be feasible to reduce the impact of heating system interruptions to 

individual classroom or office spaces, while some animal or plant growing or holding areas may 

only be able to tolerate loss of service for an hour or so before risking irreparable damage to these 

living teaching and research resources. 

¶ Recovery time:  An estimate of the failure recovery time is another consideration.  For example, a 

failure within a looped system area might be minimized in short order with strategic valve 

isolation, while a pipe or valve failure in an area served radially might entail a much longer 

outage that could extend across many facilities. 

Fully incorporating risk is a complex process.  For the purpose of this analysis, the base case assumes that 

the risk of deferring work beyond a 40-year life is the ñtipping pointò where the financial risk exceeds the 

improvement in economic performance reflected by the ñPresent Valueò analysis.  Thus, the Base Case 

neither accelerates nor defers work but merely utilizes the FPNMS timetable (based on 40-year average 

service life) of steam systems. 
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Approved and Proposed Capital Plan 

Multi -year capital planning has been in place within Cornell Utilities for many years, although the process 

has changed from time to time over the years.  However, at Cornell currently (2014), Capital Plans are 

only approved on an annual basis and formally proposed over a five-year period (for future consideration 

of approval). 

This Capital and Operating Plan will therefore consider the approved and proposed 1-year and 5-years 

plans, respectively, while anticipating future costs over a longer period, consistent with internal planning. 

Integration with Campus Development 

Planning for the campus steam system must be integrated with other existing and evolving campus 

planning efforts. These efforts include: 

¶ Campus Master Plan:  This document provides planning-level guidance on where development is 

likely to occur on campus, the projected rate of development, and the anticipated integration of 

central utilities into that plan. 

¶ 5-Year Capital Plan:  While capital funds are approved year-to-year, the published Capital Plan 

documents the next five years of planned and requested future funding for capital projects.  Steam 

infrastructure projects are included in this Plan.  In addition, the overall Plan is used by Utilities 

to predict the timing and scale of future energy growth, to align the utilities capital planning with 

planned future facility capital developments that require changes to the heating distribution 

system. 

Costs and Present Value 

This report includes budget-level capital estimates for projected future steam system maintenance, 

replacement, and improvement, and improvements.  These estimates are based on utility engineersô 

assumptions regarding pipe size and routing and cost information specific to the campus heat distribution 

system. 

In addition to the up-front capital costs, a Life Cycle Assessment (LCA) is generated to develop the 

present value of the proposed development plan, resulting in a Present Value (PV) assessment for 

different alternatives.  The PV includes necessary capital, operating costs (O&M) including fuel costs, 

and similar detailed estimates.  The PV is used to compare the total cost of the project over the project 

life, and is used to determine the most cost-effective solution for the University.  Appendix B documents 

the assumptions used by Cornell for this PV analysis, which follows the general policy of LCAs for all 

energy-related work on campus. 

Management Principles 

Creating a Capital Plan for the heat system requires development of a rationale and prioritization decision 

that includes factors like PV, relative risks, and other similar factors.  Cornellôs FPNMS system includes 

data and a logic prioritization that provides a starting point for more comprehensive planning of utilities 

infrastructure. To more fully realize this plan, the more nuanced integration of FPNMS information with 

other planning needs and priorities would be required. 

In addition to project-level decisions, technology decisions require a similar analysis.  For example, the 

costs of water treatment may vary by system (hot water requires different water quality concerns than 

steam) and valves may be in manholes or direct-buried, with different impacts on serviceability.  

Similarly, maintenance actions like valve or pumps maintenance needs to be considered for various valve 

and types and designs. 
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Capital Spending over Time 

This document estimates needed ñbase caseò (or ñbusiness as usualò) spending over time and broadly 

recommends future planning actions.  While it is not a comprehensive capital or operating plan, it is 

intended to provide guidance in future planning actions. 

Results of Base Case Financial Analysis 

Analysis of the financial results of the maintaining the steam system overtime is described in Section 5 

(with reference to the appendices for details on analysis methods, data sources, and assumptions).  Figure 

3-2 shows the impact of Discount Rate (required return on investment) on the projected spending over 

time (this figure based on $4/MMBtu gas base price). 

As the figure readily shows, the discount rate has a significant and substantial impact on the analysis. For 

example, the actual expenditures of about $188M create a total PV over time of about $66M with a Real 

Discount Rate of 5.4%.  For a more modest Real Discount Rate of 4% rather than 5.4%, the PV is $86M. 

  ï and a complete replacement of the system within 10 years would be the resulting financial 

recommendation based on PV, even at the lowest modeled energy value.  At higher energy values, even 

faster replacement warranted. 

 

Figure 3-2: Accumulated Base Case Spending Over Time; Actual and Discounted 
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SECTION 4: INTEGRATION OF LOW -CARBON AND RENEWABLE ENERGY  

One consideration in the 20-year Capital and Operating Plan is the potential future integration of 

renewable and/or low-carbon heating sources. A concurrent Thermal Resources Report is being 

developed (2015) to document potential sources of such energy which may be utilized to further Cornellôs 

commitment to its Climate Action Plan, which seeks to move Cornell towards Climate Neutrality, with a 

goal of 2035 for meeting that target (in 2014, the original 2050 goal was revised to 2035 by then-

president David Skorton, responding to a request for ñaccelerationò originating in the Faculty Senate).  

A number of potential sources for low-carbon and renewable energy to help meet this goal have been 

studied to date, with a focus on supplying the robust heating needs of the Ithaca campus.  These sources 

include the following: 

¶ Earth Source Heating (essentially zero-carbon) 

¶ Ground-Source Heat Pumps (lower carbon) 

¶ BioFuels, using combustion of gasification (essentially zero-carbon if sustainably harvested 

locally) 

¶ Waste/recovered heat (low carbon/no new carbon) 

¶ Hot water storage (low carbon/no new carbon) 

In investigating these potential resources, it became apparent that the temperature of the heat distribution 

system strongly influences the availability and efficiency of the potential heat resources.   Specifically, 

each of the feasible options studied either require lower temperature heat distribution (i.e., hot water 

rather than steam) or, at least, are much more feasible and cost-effective when temperatures are lower. 

Determining the appropriate temperature for a future system involves a series of optimization exercises; 

generally speaking, the lower the temperature of recovered waste or renewable heat, the more heat 

available from such sources or the more cost-effective it is to recover that heat.  However, lower grade 

heat has a diminishing value to the campus district heating system, which was predominately designed 

with the assumption that steam was available (and would always be so) for heating needs. 

Similarly, the specific design temperatures (both supply and return) of a hot water distribution system 

also impacts the costs dramatically.  This relationship is analyzed in Appendices A and B. 

While the CAP is a ñliving documentò and is continually being updated to reflect the latest available 

information on technology, impacts, and costs, the current ñPlan Aô solution involves the integration of 

Earth Source Heating (ESH) and bioenergy.  For the purpose of this report, this combined energy system 

can be abbreviated as ñB/ESHò.  The combination of these two disparate technologies may not be 

intuitively obvious, but is judged to have merit based on a detailed consideration of their differing impacts 

and limitations.  Specifically, as shown in Figures 4-1 and Table 4-1, a solution representing portions of 

both technology (where ESH is used for the bulk of the thermal load annually, but bioenergy supplements 

the peaks and reduces the combined capital cost), is preferable to either solution independently (as 

analyzed in more detail in the Thermal Resources report). 

The analysis of the potential for the Hybrid EGS, which is being conducted in more detail in a separate 

engineering review (ñThermal Resources Reportò), preliminarily reveals that the systems may be cost-

effective if and only if the distribution temperatures are controlled appropriately.  
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Figure 4-1:  Optimization of B/ESH Technologies 

 

Table 4-1:  Optimization of B/ESH Resources ï Relationship of Peak ESH Capacity 

EGS Peak Capacity 

(MMBTU/Hr)  

EGS Annual Load 

MMBTU 

Biomass Annual Load 

(MMBtu) % of Total 

50 437,863 781,331note 1 64.1% 

100 742,802 476,393note 1 39.1% 

150 951,822 267,372note 1 21.9% 

200 1,095,955 123,239note 2 10.1% 

250 1,178,426 40,768 3.3% 

300 1,211,353 7,832 0.6% 

350 1,218,362 832 0.1% 

Notes: 

1 This amount of wood material cannot be sustainability harvested from Cornell 

lands; additional suppliers needed 

2 This amount of wood is considered the maximum achievable from sustainable 

management of Cornell Lands. (source; David Weinstein, Cornell DNR) 

Reducing the heat losses of the distribution system has a significant impact on the amount of biomass that 

would be needed in the future to meet peak loads.  Table 4-2 shows this impact, based on the assumption 

that distribution losses are mostly thermal and could be reduced in half through the upgrade process 
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(actually loss reduction would likely be closer to an 80-90% loss based on data from other institutions that 

have recently converted their systems). 

 

Table 4-2: Reduction in Biomass Needed to Supply System after Conversion 

EGS Peak 

Capacity 

(MMBTU/Hr)  

Estimated Biomass Annual Load (MMBtu) 

Current  

(2013) 

After 

Conversion 

Reduction After  

Conversion 

50 781,331 697,583 83,748 (11%) 

100 476,393 427,246 49,147 (10%) 

150 267,372 231,904 35,468 (13%) 

200 123,239 101,480 21,759 (18%) 

250 40,768 30,418 10,350 (25%) 

300 7,832 5,076 2,756 (35%) 

350 832 532 300 (36%) 

 

Compared to traditional (fossil fuel) sources, the use of biomass will have both positive and negative 

social and environmental impacts, as discussed elsewhere.  In general, Cornell lands are resource-limited, 

so any reduction in the amount of biomass needed will reduce all impacts ï both positive and negative ï 

on the local community.  A more comprehensive discussion of these analyses and consideration may be 

found in the Thermal Resources Report. 

The cost for an ESH system is directly related to the required temperature of the recovered heat, since 

subsurface temperature varies with depth.  In the Ithaca area, the variation is about 30oC (54oF) per 

kilometer, so to get higher temperatures, one must drill deeper ï and drilling costs with depth are more 

exponential than linear. 

Biomass energy may not be as temperature-limited, but the availability of energy from biomass sources 

are also strongly temperature-dependent.  The steam or water generated by a boiler can only add energy to 

a distribution system at lower temperature, so the lower the temperature, the more energy that is available 

from a given resource.  Dropping the temperature below the saturation point of the exhaust gases allows 

one to incorporate the ñHigher Heating Valueò (HHV) of a fuel, rather than just the ñLower Heating 

Valueò; the ñbonusò is about 5%.  Coupling that with the lower energy available based just on 

temperature may penalize a steam system 10% or more from the supply side (not including distribution 

losses), compared to a typical hot water distribution system.  While this may not seem a fatal limitation, it 

is a severe penalty in a renewable-resources-limited world. 

Bioenergy alone is unlikely to be a potential source for the bulk of Cornellôs heating needs due to the 

scale of biomass needed and the local impacts of large-scale biomass use (discussed further in Thermal 

Resources paper).  However, integration of biomass with other technologies is promising.  As the 

Thermal Resources Study report shows, potential sources of renewable or low-carbon thermal energy are 

also strongly impacted by the thermal distribution temperature.  Examples include: 
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¶ Heat Pumps:  Many campuses and institutions are finding ways to incorporate heat pumps to 

move ñwasteò heat to heating systems, or to use air-source or ground-source heat pumps as 

primary heating units.  However, typical heat pumps do no supply hot water temperatures above 

about 175oF.  Some specialized heat pump systems are being designed for higher temperature, but 

such application generally increases electrical needs to drive the heat pumps (compared to a lower 

temperature output and the same heat load). 

¶ Waste heat:  Facilities like the Wilson Synchrotron have available ñwaste heatò that is currently 

shed using condenser units and Lake Source return water.  Waste heat from research and 

industrial-like processes may be captured by systems that operate at lower temperatures, but 

Cornell cannot capture this heat through exchange with a steam distribution system. 

¶ Solar thermal: Conventional, lower-cost solar thermal systems, like those on the CCHPP office 

roof or adjacent to the Plantations Welcome Center, typically supply temperatures up to about 

200oF.  Although there are also industrial power generating systems producing much higher 

temperatures, ñlow-tech, low-costò collectors cannot be integrated into campus distribution where 

temperatures may exceed 300oF or higher. 

Determining the right temperature for the system is an ñoptimizationò evaluation.  A conceptual level 

evaluation was performed related to the ñdesign temperatureò at which hot water is supplied to the 

Cornell distribution system from a renewable resources.  Some of the competing priorities include the 

following: 

¶ A lower temperature hot water system is the safest, least expensive to operate (lowest losses), and 

best use of renewable resources (lower cost to obtain lower temperature resources). 

¶ A higher temperature hot water system is the cheapest to construct (lowest distribution size), up 

to about 248oF maximum temperature (higher temperatures limit the piping and insulation 

selections). 

¶ Cornellôs current campus is designed for heat distributed (as water or steam) at higher 

temperatures (at least 210oF) to serve current needs and avoid extensive re-engineering within the 

facilities.   In the future, this temperature could (and should) be reduced assuming new buildings 

are designed to accept this lower temperatures (more on this subject later).  Reducing 

temperatures not only allow better incorporation of renewable and low-carbon/no-carbon 

resources, but also result in smaller distribution piping since each gallon of water can deliver 

more differential energy.  

A simple ñoptimizationò of these conflicting priorities is presented in Appendix A, the results of which 

are graphically represented in Figure 4-2.  This analysis concludes that a design temperature in the range 

of 220oF, with the capacity to increase this to a peak temperature of about 248oF (the limit for typical hot 

water distribution piping), provide a good balance.  This would allow: 

¶ Sufficient temperature to support existing building heating loads (but not internal building steam 

loads), minimizing in-building changes, and to allow for reasonable distribution piping sizes 

(discussion to follow), while significantly reducing conductive heating losses (compared to 

steam). 

¶ Relatively low required operating pressure (hot water will remain in liquid form at 248oF at a 

pressure of about only 15 psig), avoiding the need for high system pressures (which also create 

safety concerns). 
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¶ Temperatures which are reasonably achievable in this region with the proposed Earth Source 

Heating program (see separate report on thermal resources) and economically feasible to achieve 

with other renewable resources (biomass, solar thermal). 

 

 

 

Figure 4-2: Conceptual Graphical Representation of Optimal Temperature Evaluation 


