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Tompkins County Energy System Overview 
Xiyue Zhang and K. Max Zhang 

Executive Summary 
 

In this section, we present and analyze energy consumption and greenhouse gas (GHG) 
emissions in Tompkins County in 2008, the most recent year inventoried, by their primary 
sources and end-use sectors. Essentially, this overview describes the baseline for the Energy 
Roadmap. 
 
The Tompkins County 2008 Greenhouse Gas Emissions Inventory [2] documents community 
energy use and GHG emissions. The information is illustrated as flows of energy and GHG 
emissions shown in Figure 1. 

 
Figure 1. Tompkins County energy flow and greenhouse gas emissions, 2008 

 
Heating Energy sources for heating include heating oils (included in category “oil”), propane 
(included in category “natural gas”), and natural gas. Other sources of heating energy such as 
coal, solar thermal, biomass (wood), and geothermal are not included, primarily due to 
limitations of data and the limited use of those fuels. For example, less than 2% of residential 
buildings in the county used biomass (mainly wood) as a source for heating energy [10] in 2008, 
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making it fairly insignificant compared with the consumption of natural gas and oil for heating 
over all sectors.  
 
Electricity It is worth noting that we treat electricity consumption as site energy use. In other 
words, the conversion loss in generating electricity and transmission/distribution losses are not 
accounted for in the energy flow. However, the conversion loss is considered in calculating the 
GHG emissions associated with electricity consumption. And it is further assumed that electricity 
used by electric vehicles was negligible in 2008. 
 
GHG Emissions The total GHG emissions in the county in 2008 was 1,172,918 metric ton (MT) 
CO2e, out of which 1,087,117MTCO2e was from energy use. This includes electricity usage, 
fuels for heating/cooling and transportation, and local power generation. It is assumed that by 
2050, Cornell University, Ithaca College (IC), and the Tompkins County Community College 
(TC3) will be carbon neutral. GHG emissions from the three educational institutions in 2008 
were about 267,100 MTCO2e (out of which 139,833 MTCO2e were from operation of the 
Cornell central energy plant; without accounting for air travels) [49], 30,000 MTCO2e (without 
accounting for air travels) [50], and 2,366 MTCO2e (without accounting for ground 
transportation and air travels) [55], respectively.  
In addition, 2008 site energy uses and CO2e emissions in the county are presented in Table 1 
below. In comparison, the New York State average GHG emission per capita is ~ 8.1 MTCO2e 
and the U.S. average is ~17.6 MTCO2e. Thus, even at the 2008 level, the Tompkins County 
average GHG emission per capita was relatively low. To maintain a stable climate, it’s 
commonly estimated that global per capita emissions must be reduced to no more than 2 
MTCO2e by 2050 from 2010 levels [56].  
 
Table 1. Site energy use and MTCO2e emissions, 2008 

Sector Residential Transportation Total 
MTCO2e/Household 6.24 10.88 17.12 

MTCO2e/Person 2.31 4.03 6.34 
MMBtu/Household 91 150 241 

MMBtu/Person 34 55 89 
kWh/Household 7,835 N/A 7,835 

kWh/Person 2,901 N/A 2,901 
* In 2008, the county had 37,443 households [3] and a population of 101,136 [5].  
 

1. Energy Supply by Fuel Types 
 
1.1 Electricity 
The county’s electricity is generated from a variety of sources, most of which are located outside 
of the local area. Electrons are indistinguishable from one another once they are fed into the 
grid, making it impossible to determine the exact source of the electricity being imported into the 
county from outside generating stations. The electricity fuel mix for the region, however, 
provides a reasonable proxy that is bounding and tractable. Upstream emissions caused by 
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energy losses from electricity transmission, delivery, and storage are not accounted for in the 
emission inventory.  
 
1.1.1 2008 Fuel Mix 
The total electricity consumed in the county in 2008 was 779,312,378 kWh. According to the 
EPA eGRID Profiler Subregion Resource Mix for Upstate NY, the estimated electricity fuel mix 
for the county in 2005 (the year utilized by the Clean Air Climate Protection software used to 
prepare the 2008 GHG emissions inventory) is presented in Table 2 [6]. 
 
Table 2. Tompkins County electricity fuel mix used in the 2008 emission inventory 
Energy 
Sources 

Nuclear Hydro Coal Natural 
Gas 

Oil Other 
Renewables 

Other 
Fossil 
Fuels 

Percent 27.0% 26.4% 21.5% 15.5% 7.8% 1.3% 0.5% 
 
Note that the hydro power purchased by the Groton Electric Department is not directly included 
in the county’s electricity fuel mix since that purchase agreement is a financial transaction and 
does not necessarily mean that the Village of Groton is physically using the hydro power. This is 
due to the aforementioned characteristics of the grid, where electrons are indistinguishable from 
one another.  
 
In perspective, in 2013, New York State’s electricity fuel mix was 41% gas and oil, 32% nuclear, 
18% hydro, 3% coal, and 3% wind in 2013 [8]. It is striking that the electricity generated from 
coal-fired power plant has diminished. Accordingly, the carbon intensity of grid electricity has 
greatly decreased since 2008. However, it should be noted that due to methane emissions 
associated with the hydro-fracking process, emissions from hydro-fracked natural gas may be a 
more potent greenhouse gas than coal in the short-term, making grid-generated greenhouse 
gas emissions worse in the short-term [57]. 
 
1.1.2 Developments from 2008 till Present 
Cornell University generates electricity for on-site use at its hydroelectric plant and central 
energy plant (CEP). The hydroelectric plant, with a total rated capacity of 1,870 kW, was built on 
campus in 1904 when Beebe Lake was created [7]. CEP, now fueled by natural gas with a 
nameplate capacity of 30 MW, was originally constructed in 1922 [7]. Both facilities went 
through multiple renovations over years.  At the time of the 2008 GHG emissions inventory, the 
CEP was powered by coal. Emissions from CEP were 139,833 MTCO2e and are added to the 
overall Tompkins County GHG emissions inventory under the “Cornell Power Generation” 
category. This is because the electricity and heat generated by CEP are delivered to end-users 
through Cornell’s own system and are not counted in the inventory.  
 
Cornell Combined Heat and Power Plant (CCHPP), which represents the newest and most 
significant addition to CEP, was commissioned in December 2009. CCHPP has an operating 
efficiency of ~75% [7], compared to 33% on average for conventional electricity generation [11]. 
The central energy and hydroelectric plants combine to meet ~86% of the university’s annual 
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electricity needs, which total ~215,000 MWh annually, leaving ~35,000 MWh to be purchased 
from the grid through the university substation each year [7]. Since CCHPP was not 
commissioned until end of 2009, its GHG emissions are not counted in the 2008 inventory.  
 
Cayuga Power Plant, formerly known as AES Cayuga, was commissioned in 1955. The plant is 
fueled by coal and has a capacity of 306 MW [52]. Though the Cayuga Power Plant is an 
important constituent of the county’s electricity fuel mix, GHG emissions from the Cayuga Power 
Plant are not double-counted in the inventory because the plant supplies electricity to end-users 
through the public power transmission and delivery system, and those emissions are already 
counted in the inventory at end use. In 2014, two competing proposals regarding the future of 
the Cayuga Power Plant were submitted to the New York State Public Service Commission 
(PSC) [47]. NYSEG supports upgrading the electrical transmission system to bring external 
electricity to the region, which would result in the ultimate retirement of the power plant. Cayuga 
Power Plant, on the other hand, proposes retrofitting the plant to a gas-fired facility to improve 
the power grid’s reliability [48]. The final decision will be made by PSC. 
 
Black Oak Wind Farm, located in the Town of Enfield, is expected to have an installation 
capacity of 16.1 MW (enough to power about 5,000 homes per year) from seven 2.3 MW GE 
turbines after its planned construction in 2016 [12]. In fall 2014, Cornell agreed to purchase all 
electricity to be generated by the proposed wind farm [13] via remote net metering [16]. The 
purchase will provide about 20 percent of Cornell’s annual electricity use, and it will reduce the 
university’s GHG emissions by about 5 percent [14].  
 
Solar power is also quickly increasing its share in the county’s electricity fuel mix. In addition to 
several large-scale solar PV farms, solar has taken root in the community, largely through 
efforts such as Solar Tompkins.  The 2013-2014 pilot program in 3 towns resulted in 108 homes 
installing PV systems for a total of 651 kW.  The program was expanded to the entire county in 
2014-2015 and resulted in over 400 homes installing PV for a total over 3 MW [15]. Many public 
and commercial buildings have installed solar photovoltaic systems in the past few years as 
well. The Tompkins County Library was a leader in this work with its 145 kW PV installation in 
2000, one of the largest in the county [16]. 
 
The Cornell Snyder Road Solar Farm is adjacent to the Ithaca Tompkins Regional Airport and 
was completed in September 2014. The 10-acre site has a rated capacity of 2 MW, which will 
produce ~1% of Cornell’s electricity needs and reduce carbon pollution by more than 600 tons 
per year [16]. This is a significant addition to Cornell’s existing solar systems, which include a 15 
kW system on the roof of Day Hall and a 2.2 kW system at the Cornell Store. These two 
systems started operating in late 2007 and mid-2008 respectively [17] [18]. 
 
In June 2015, the Tompkins Cortland Community College (TC3) completed a 2.6 MW solar farm 
on approximately 10 acres of land. The solar farm is expected to meet 90% of TC3’s annual 
electricity needs [19+]. It’s estimated that the solar farm will help reduce TC3’s GHG emissions 
by more than 890 metric tons per year [19]. 
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1.2 Thermal Energy 
 
Table 3. Tompkins County thermal fuel use by type, MMBtu, 2008 
Energy Sources Natural Gas Propane Heating Oil Electricity 

Percent 81.7% 10.4% 6.0% 1.9% 
 
The total amount of heating energy consumed in the county in 2008 was 5,208,989 MMBtu. 
Tompkins County uses numerous fuel sources for thermal energy including natural gas, 
propane, fuel oil, and electricity as shown in Table 3. In 2008, natural gas provided the 
overwhelming majority of thermal energy to the community, comprising roughly 82% of the fuel 
mix. Propane accounted for ~10% and fuel oil ~6%. 
 
2014 Real Property Tax Assessment records indicate that 11% of residential tax parcels use 
electricity directly for heating. Assuming that those units are about average size in electricity 
consumption, then it is further assumed that in the residential sector, 10% of electricity is used 
for heating. Therefore it is estimated that electricity provides ~2% thermal energy to the 
community.  
 
1.3 Transportation Fuels 
 
Table 4. Energy consumption data for the transportation sector 

Transpo 
MMBtus 

Transpo 
MTCO2e 

Transportation 
Vehicle Miles 

Travelled 

Transpo 
Gasoline (US 

Gal) 

Transpo Diesel 
(US Gal) 

5,606,892 407,469 686,710,099 37,556,802 6,787,343 
 
In 2008, the community consumed nearly six million MMBtus of energy to fuel its transportation 
needs to drive nearly 687 million miles over the course of the year. Gasoline accounted for 
roughly 85 percent of fuel used at roughly 37 million gallons, and diesel accounted for 15 
percent at nearly seven million gallons [2]. Average consumption of energy for transportation in 
Tompkins County in 2008 was 55 MMBtu per person (based on a population of 101,136 in 2008) per 
year. By comparison, the annual per capita use in NYS in 2008 was 57 MMBtu [21] [23], and in the 
overall U.S. it was 92 MMBtu [22] [24]. This lower use for the county is due in part to a successful public 
transportation system, but also to the fact that there are no interstate highways located in Tompkins 
County. 
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2. Energy Consumption by Sectors 

 
Figure 2. Primary and total energy consumption in Tompkins County, 2008 

 
Figure 2 illustrates the primary and total energy consumption in four end-use sectors, i.e., 
Residential, Commercial, Industrial and Transportation. Primary energy is energy in the form 
that it is first accounted for in a statistical energy balance before any transformation to 
secondary or tertiary forms of energy [1] [53]. Coal, natural gas, and petroleum are examples of 
primary energy. Electricity is a form of secondary energy. The sum of primary energy 
consumption and electric power consumption in each sector gives the total site energy 
consumption for that sector. Separating the two energy forms emphasizes their different 
functions in end-use sectors. For example in the residential sector, primary energy is mainly 
used for heating/cooling and cooking, while electric power is mainly used for powering 
appliances and lighting. Figure 2 also depicts the electricity consumed in the County as a 
separate column. Once again, it is in terms of site energy (actual electricity consumed), not 
source energy (i.e., the primary energy consumed to generate electricity). 
 
2.1 Overall Energy Consumption 
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Figure 3. End-use sectors of total energy consumption, MMBtu, 2008 [25] 
Figure 3, reveals that the transportation sector dominates the total energy consumed in the 
county and energy consumed in the residential and commercial sectors is similar.  
By combining Tables 2, 3 and 4, the Tompkins County energy end use by fuel types can be 
obtained below in Table 6.  
 
Table 6. Tompkins County energy end use by fuel types, MMBtu, 2008 

Energy 
Sources 

Oil Natural 
Gas 

Nuclear Hydro Coal Other 
Renewables 

Percent 45.8% 39.0% 5.4% 5.2% 4.3% 0.4% 
 
2.2 Electricity 

 
Figure 4. End-use sectors of electricity consumption, kWh, 2008 [25] 

 
The total electricity consumed in Tompkins County in 2008 was 779,312,378 kWh. Figure 4 
reveals that the bulk of that usage (44.6%) was by the commercial sector, which includes 
educational and institutional users. 
 
Commercial Educational institutions account for a significant portion of commercial electricity 
usage. According to the Cornell Energy Resources pamphlet [7], Cornell University consumes 
~215,000,000 kWh annually, or ~62% of the county’s commercial total. Ithaca College (IC) 
represents ~8% of the total, with usage of ~29,000,000 kWh annually [26], though it should be 
noted that IC’s usage data is based on its 2010-2011 fiscal year, therefore is not perfectly 
congruent with the data set for the overall county energy usage discussed here, which is for 
2008. 
 
Residential Annual residential electricity usage in the county averaged 7,835 kWh per 
household (based on 37,443 households in 2008). In 2008, that figure was 6,870 kWh for NYS 
[29] [30] and 12,201 kWh for overall U.S. [27] [28] The densely populated New York 
Metropolitan Area is likely to contribute to the lower per capita statewide average than that of 
the County. 
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2.3 Thermal Energy  

 
Figure 5. End-use sectors of thermal energy consumption, MMBtu, 2008 [25] 

 
The total thermal energy consumed in Tompkins County in 2008 was 5,208,990 MMBtu. Figure 
5 reveals that the top users are the residential sector at ~48% and the commercial sector, 
which, again, includes educational and institutional users, at ~42%. The industrial sector 
accounted for 10% of total thermal energy use. 
 
Residential While natural gas provided the majority of thermal energy in Tompkins County, as 
indicated in Table 5, the residential sector still relied heavily on electricity, fuel oil, and propane 
in 2008. Table 5 breaks down the number of occupied housing units in Tompkins County by 
heating fuel type.  
 
Table 5. Number and Percent of Res Buildings by Heating Energy Source, 2008 [10] 

Fuel Type Count Percent 
Natural Gas 9,392 42.24% 

Fuel Oil 4,922 22.14% 
Propane 4,478 20.14% 
Electric 2,646 11.90% 
Wood 348 1.57% 
Coal 79 0.36% 

Geothermal 13 0.06% 
Solar 8 0.04% 
None 170 0.76% 
Blank 177 0.80% 
Total 22,233 100.00% 

Note: “None" means there is no central heating, and "Blank" means that there is no information on file for that 
property.  

 
Annual residential thermal energy consumption in Tompkins County (assuming 10% of 
residential electricity use was for space and/or water heating) averaged 67 MMBtu per 
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household (based on 37,443 households in 2008). This is lower than the average annual 
consumption level in 20XX in the Northeast U.S., which was 77 MMBtu per household [31]. 
 
In the commercial sector, Cornell University’s annual thermal energy consumption on average is 
~1,432,800 MMBtu (or 1,200,000 thousand pounds of steam, site energy) [7], accounting for 
~42% of commercial thermal energy use in Tompkins County. IC’s annual natural gas 
consumption was ~168,470 MMBtu [51]. Assuming that it is utilized as thermal energy, IC 
accounted for ~8% of commercial thermal energy use in the county.  
 

3. Energy Distribution Systems 
3.1 Electricity 
Figure 6 illustrates the power transmission system in New York State and Tompkins County.  

a)  
 

b)  
Figure 6. a) New York State and b) Tompkins County transmission assessment condition [32] 

The Village of Groton Electric Department was established in 1896. It has undergone several 
transformations since then, and today it owns and operates its electricity distribution system 
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within the village [37]. The department has full utility responsibilities that include billing, 
maintenance, and metering [38]. 
 
Since 2003, Groton purchases 4,483 kWh of hydroelectric power monthly allocated by the New 
York Power Authority (NYPA) from the Niagara Power Project [39] [41]. NYPA is a state public 
power organization that operates generating facilities and transmission lines [40]. The village 
purchases incremental power as needed through the New York Municipal Power Agency 
(NYMPA) [39]. NYMPA is a joint action agency of 36 state municipal members that bind 
themselves to each other by contract to accomplish their purposes [42]. In addition, a charge is 
paid by Groton to NYSEG for transmission [34]. 
 
Village of Groton’s arrangement with NYPA is beneficial to Tompkins County since it provides 
the residents of Groton with low electricity rates and defers revenue from carbon intensive 
generators to hydropower.  
 
3.2 Gas and Oil 
Natural gas is delivered from wellheads to final customers through many infrastructure assets. 
Figure 7 provides a basic overview of the natural gas processing, transportation, and storage 
system.  

 
Figure 7. Natural gas delivery system [43] 

 
Natural gas transportation and storage assets in Tompkins County are operated by Dominion 
Transmission, Inc. [45]. The distribution system is operated by NYSEG [34]. Figure 8 illustrates 
the network of natural gas (blue) and hazardous liquid (red) transmission pipelines in Tompkins 
County. The pipelines transport natural gas to NYSEG for distribution, as well as to main line 
users such as the Cornell CEP.  
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Figure 8. Tompkins County natural gas and hazardous liquid pipelines [33] 

 
Fuel oil and propane are provided to users in Tompkins County through a series of independent 
distributors, which include Ehrhart Energy and AmeriGas [44]. The hazardous liquid pipelines 
transport petroleum products, for instance, to the distributors.  
 

4. Greenhouse Gas Emissions 
 
4.1 Sources of Greenhouse Gas Emissions 
It should be noted that GHG emissions from local power/energy generation that produce 
electricity exclusively consumed locally are counted in the emission inventory. One main 
example is the Cornell CEP. And as mentioned earlier, the Cayuga Power Plant is physically 
located in the County, but the electricity generated is sent directly to the public transmission 
grid. Therefore, the GHG emissions from the power plant are not double-counted in the 
emissions inventory. 
 
And as shown in Figure 9, waste and agriculture are both important GHG emission sources, but 
the amount they account for are much less than those from energy sources. And that the hydro 
power purchased by Village of Groton is only transactional. Therefore, energy sources and 
Cornell power generation are the major sources of GHG emissions in Tompkins County.  
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Figure 9. Sources of greenhouse gas emissions in Tompkins County, 2008 

 
4.2 Greenhouse Gas Emissions by Types of Fossil Fuels 
Within the Energy Sources category above, the contributions from three types of fossil fuels to 
GHG emissions are depicted in Figure 10. As assumed in Figure 1, “oil” includes transportation 
fuels and “natural gas” includes propane. In addition, GHG emissions from electricity generation 
are divided into each source of fossil fuel taking authoritative conversion factors into account 
[54].  

 
Figure 10. Greenhouse gas emissions by fossil fuel types in Tompkins County, MTCO2e, 2008 

(excluding waste, agriculture, and Groton electricity purchase) 
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4.3 Greenhouse Gas Emissions by Sectors 

 
Figure 11. Greenhouse gas emissions by sectors in Tompkins County, MTCO2e, 2008 

(excluding waste, agriculture, and Groton electricity purchase) 
 
Figure 11 illustrates the GHG emissions from different end-use sectors. The transportation 
sector is by far the largest GHG emitter in the county. Residential and commercial sectors 
account for ~22% and ~34% of GHG emissions respectively.  
 
GHG emissions associated with air travel and rail travel are not included in the County emission 
inventory, mainly due to lack of commonly accepted methodologies and resources for tracking 
emissions in those sectors. 
 
Cornell University accounts for ~25% of the County GHG emissions and is considered part of its 
commercial sector. It should be noted that Cornell’s Climate Action Plan, developed by Cornell 
faculty, students and staff in 2009, seeks to cut carbon emissions to net zero by 2035. There is 
a comprehensive set of 62 actions identified by Cornell to reach this target, 16 of which are 
under the “Energy” category. This category includes solar power, Central Energy Power Plant 
steam turbine upgrades, hydroelectric power, the regional wind power and campus smart grid 
that are under development, and two proposed systems: enhanced geothermal and biomass 
gasification. Since 2008, Cornell has reduced gross carbon emissions by nearly 32 percent [46]. 
 
It should be noted, however, these emissions are calculated using the Environmental Protection 
Agency’s (EPA) global warming potential figure for methane that was in place when the 
inventory was performed and follow the 100-year Global Warming Potential (GWP) time horizon 
that was adopted in the Kyoto Protocol and is now used widely as the default metric. Since 
2008, many scientists have focused research on methane emissions and it appears that it would 
be more accurate to use a much greater GWP for methane to reflect its extreme potency on a 
20-year time horizon, when reductions will help most in limiting warming that may result in a 
cascade of uncontrollable negative impacts [57]. 
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