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Background and Summary

For over a decade, Carrboro has had an interest in tracking greenhouse gas emissions. The Town joined ICLEI – Local Governments for Sustainability and the Cities for Climate Protection (CCP) initiative in 2005 and worked with other local governments to create a countywide inventory. Other important drivers for monitoring emissions include: 1) the passage of a resolution by the Board of Aldermen in 2009 committing the Town to a goal to “cut CO2 emissions by [the Town’s] proportion of the amount which is required to stabilize the climate back to less than 350ppm of CO2 in the atmosphere in time for a 90% probability for success” in averting the worst impacts of climate change, 2) the completion of an Energy and Climate Action Plan for municipal operations in 2014; and 3) the completion of a Community Climate Action Plan in 2017. 

This sixth annual inventory has been completed to track the Town’s progress in reducing GHG emissions from municipal operations and to fulfill CCP Milestone 5 for monitoring and verifying results of actions pursued (see Table 1). The inventory includes a detailed analysis of changes in fuel, electricity, and natural gas use and associated emissions.  Since electricity use is a large contributor to emissions, changes in how electricity is generated on a regional scale during the past decade have resulted in notable reductions in estimates of the Town’s emissions.

Information

Data Collection

In putting together previous GHG emissions reports, an emphasis has been placed on clarity of scope, accessibility and transparency of both energy consumption and GHG emissions data, and repeatability of the methodology. That emphasis has allowed this update to be completed with the exact same methodology as the five previous updates, which allows for the most accurate comparison of data and tracking of emissions over time.

Table 1. Cities for Climate Protection Five Milestone Process
	Milestone
	Description
	Notes

	1
	Conduct a baseline emissions inventory and forecast
	The most recent municipal operations inventory can be found at http://nc-carrboro.civicplus.com/DocumentCenter/Home/View/4624. 
The information contained in this memo serves as an update to that report. The most recent community inventory can be found at http://nc-carrboro.civicplus.com/DocumentCenter/Home/View/2788. 

	2
	Adopt an emissions reduction target
	Carrboro adopted the climate protection resolution in 2009. The 2017 Community Climate Action Plan adopted an emissions reduction target of 50% by 2025.

	3
	Develop a Local Action Plan
	A countywide inventory that included elements of a plan was previously developed.  Carrboro drafted an Energy and Climate Protection Plan for municipal operations in 2014. A Community Climate Action Plan was completed in January 2017. 

	4
	Implement policies and measures
	Carrboro has pursued various measures described in the 2014 plan.

	5
	Monitor and verify results
	This memo is the Town’s sixth annual effort to monitor and verify the results of policies and procedures implemented to reduce GHG emissions from municipal operations.



Scope

For consistency with previous inventories and per standard GHG inventory reporting protocols, this inventory focuses only on the Scope 1 and Scope 2 GHG emissions attributable to Town operations. Scope 1 emissions are direct emissions resulting from the combustion of fuel on-site. Examples of Scope 1 emissions include vehicular tailpipe emissions from Town vehicles and emissions from burning natural gas to heat Town facilities. Scope 2 emissions are indirect emissions associated with the consumption of purchased or acquired energy. Scope 2 emissions primarily result from the Town’s electricity consumption. As a general rule, emissions are attributable to the Town if they are emitted by an entity that the Town has full operational control over. By this definition, the scope of this inventory includes all electricity use billed to the Town for its facilities, street lighting, and other outdoor lighting, as well as the fuel usage of the Town’s vehicle fleet and natural gas use in its facilities. This scope excludes any emissions from operations of the Orange Water and Sewer Authority (OWASA), Orange County Solid Waste (OCSW), Chapel Hill-Carrboro City Schools (CHCCS) and Chapel Hill Transit (CHT), electricity usage attributable to traffic signals within Town limits, and other non-municipal activities. While the actions related to water treatment and delivery, waste processing, public transit, schools, and traffic management are in the public sector and occur within Town limits, the emissions attributable to these services cannot be directly controlled by only the Town and are therefore outside the scope of this inventory. 

It is worth noting that the total emissions for Carrboro, from both municipal and community sources, were estimated by a student Capstone team from UNC – Chapel Hill in spring 2015 for the year 2012 at nearly 112,000 metric tonnes of carbon dioxide equivalent (MTCDE)[footnoteRef:1]. The UNC report estimated that total municipal emissions from all sectors, including those that are outside the scope of this inventory such as schools and public transit, were 7,400 MTCDE. The emissions that fall under the scope of this inventory are roughly 1,700 MTCDE, meaning that this analysis deals with approximately 25% of all municipal emissions and less than 2% of the total emissions coming from Carrboro. Therefore, the Town’s effort in cooperating with other private and public entities is paramount to appreciable local reductions.  [1:  Agudelo-Frankel, D., Beaman, B., Marshall. G., Myers, J. 2012 Greenhouse Gas Emission Inventory for the Town of Carrboro, NC. http://nc-carrboro.civicplus.com/DocumentCenter/Home/View/2788 
2 All EPA eGRID reports and data are available at https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid.
3 Conversion factors obtained from the EPA at https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references. 
4 Conversion factor obtained from the U.S. Energy Information Administration (EIA) at https://www.eia.gov/tools/faqs/faq.php?id=307&t=11] 


GHG Accounting Methodology

While electricity, natural gas, and vehicle fuel are all different forms of energy, they all produce carbon dioxide emissions at some point in the consumption process. In order to combine different sources of energy into one emissions profile, all usage figures must be converted into one “common denominator” unit, which in this case is metric tons of carbon dioxide equivalent, or MTCDE. Conversion factors used in converting kilowatt-hours (kWh) to GHGs were obtained from the Environmental Protection Agency (EPA)’s eGRID reports2. A table of the other obtained and derived conversion factors used in this report is presented below in Table 2.

Table 2. Conversion Factors for GHG Emissions Calculations
	Energy Type
	Unit
	Lbs. CO2
	MTCDE

	Natural Gas3
	1 Therm
	11.689
	0.005302

	Gasoline3
	1 Gallon
	19.59
	0.008887

	B20 Bio-diesel4
	1 Gallon
	17.89
	0.00811









Electricity Generation Emissions Accounting

The EPA’s eGRID reports describe the emissions intensity of electricity generation in specific sub-regions around the country. Each region has its own resource mix that is used in electricity generation, meaning that a kWh of electricity consumed has different embedded emissions in different parts of the country. Carrboro is located in the SERC Virginia/Carolina sub-region (acronym SRVC), which contains parts of Virginia and both North and South Carolina. The EPA’s eGRID reports that are relevant to the electricity consumption records in this inventory describe the emissions associated with electricity generation in the years 2007, 2009, 2010, 2012, and 2014. For each of those years, the annual total output emission rates of lbs. CO2 per kWh were applied to the appropriate Town records of electricity consumption to determine the associated emissions. The report for the year 2014 is the most recent data, so the inventories for 2014 through 2016 use this most recent conversion factor. To convert the emissions from lbs. of CO2 to MTCDE, a factor of 2204.62 lbs. per metric ton was applied. The factors showing both pounds of CO2 emissions per kWh and MTCDE of CO2 emissions per megawatt-hour (MWh) applied throughout the report are presented below in Table 3. Table 4 shows the percentage of electricity generation that each resource accounted for in each of the EPA eGRID reports for the SRVC sub-region.

Table 3. Emissions Intensity of Baseload Electricity Generation, SRVC Sub-region
	Year
	lbs. CO2 / kWh
	MTCDE / MWh

	2007
	1.11841
	0.50730

	2009
	1.03587
	0.46986

	2010
	1.07365
	0.48700

	2012
	0.93287
	0.42314

	2014
	0.8566
	0.38855



Table 4. Electricity Generation Resource Mix, SRVC Sub-region, 2007-2014
	
	2007 (%)
	2009 (%)
	2010 (%)
	2012 (%)
	2014 (%)

	Coal
	51.0771
	45.1039
	45.7303
	34.7513
	31.7

	Nuclear
	38.3574
	41.3467
	38.2454
	41.1632
	42.2

	Natural Gas
	6.6934
	8.9501
	11.7297
	20.2079
	20.8

	Biomass
	1.9631
	2.0466
	1.9584
	2.4344
	2.9

	Hydro
	0.7238
	1.6491
	1.492
	0.8794
	1.3

	Oil
	0.8775
	0.6241
	0.5485
	0.2012
	0.6

	Other fossil
	0.2246
	0.1921
	0.1706
	0.2173
	0.3

	Solar
	0
	0.0016
	0.0036
	0.038
	0.2

	Wind
	0
	0
	0
	0
	0

	Geothermal
	0
	0
	0
	0
	0

	Unknown / Purchased
	0.0786
	0.0678
	0.1215
	0.1074
	0.1



As is clear from the tables, the carbon emissions intensity of electricity generation in Carrboro’s region has been declining over the last ten years. This is largely due to the declining influence of coal, which fell from producing over half of the electricity in the SRVC region in 2007 to producing under a third of the electricity in 2014. To replace the declining production of coal, natural gas has gone from accounting for roughly 7% of the region’s electricity in 2007 to now accounting for over 20%. These two changes combined with the steady carbon-free electricity production of nuclear in the area mean that emissions per kWh in the SRVC region are roughly 24% lower than the national average. Applying this data to previous inventories will change the Town’s emissions profile, given that electricity usage accounts for roughly 50% of the Town’s emissions. 

Also of note is the fact that solar electricity production in the region more than doubled from 2009 to 2010, grew tenfold from 2010 to 2012, and grew by another five times from 2012 to 2014, but still only accounts for 0.2% of all electricity generated in the region. 

Results

The conversion factors in the tables above were applied to all Town electricity, natural gas, and vehicle fuel use as defined by the project scope from January 2007 to April 2017. The Town’s total emissions for 2016 were 1599.4 MTCDE, which was a decrease of 12.2 MTCDE or 0.8% from 2015 emissions levels. Figure 1 shows the Town’s overall annual emissions from 2007 to 2016.

Figure 1
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To illustrate the impact of the changing carbon intensity of electricity generation on overall Town emissions, Figure 2 was constructed. One data set uses the 2007 emissions factor for carbon intensity of electricity generation over the whole time scale to assess the Town’s emissions without any help from a cleaner electricity grid, and the other is the Town’s actual emissions based on changing emissions rates from electricity generation. It is clear that the cleaner fuels generating electricity in the SRVC region have helped the Town lower its emissions from 2011 to present. Specifically, Figure 2 indicates that, if the emissions intensity factors for electricity generation had remained unchanged since 2007, the Town’s emissions would be 92.6 MTCDE higher than 2007 levels in 2016, which would have been a 5.3% increase. It is worth noting that the Town’s emissions have declined from 2013 to present regardless of the lower emissions intensity from the electricity grid.
Figure 2
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In order to help focus the Town’s efforts in emission reduction, Figure 3 was constructed to show the percentage contribution to the Town’s emissions from all sources during the 2016 calendar year. The two largest sources of emissions are street lighting and Public Works fuel usage, which each account for 19% of the total[footnoteRef:2]5. [2: 5 It is worth noting that the Town does not own its street lighting infrastructure and instead has a lease arrangement with electric utility providers.] 


Figure 3
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Due to lower emissions from the electricity grid, Public Works fuel usage (307.8 MTCDE) has surpassed streetlights (305.9 MTCDE) to become the Town’s largest source of emissions. Emissions attributable to Police Department fuel usage rose 17.7 MTCDE in the past year to 290.0 MTCDE, which makes it the Town’s third-largest source of emissions. The Century Center is the fourth-largest contributor to emissions. It had the largest decrease in emissions of any Town sector for the second year in a row, dropping another 19.4 MTCDE, or nearly 8% of 2015 levels, to 227.3 MTCDE. These four largest contributors to Town emissions accounted for 70% of total emissions, and therefore are important to consider for emissions reduction efforts.

Figure 4 was constructed to help to track how these four largest contributors to Town emissions have performed since 2007. The figure shows that emissions from streetlights have been generally declining due to cleaner electricity in the grid (although a slight increase was observed between 2015 and 2016). Police fuel emissions are down 36.2 MTCDE from their high point in 2010. Public Works fuel emissions and Century Center emissions have both had notable decreases for the second consecutive year. 

Figure 4
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Table 5 spells out the rest of the emissions data from all municipal sources and shows trends that have developed since 2011. Streetlights, the Century Center, Fire Station #1, Town Hall, and Police Department fuel usage have all had double-digit reductions in MTCDE emitted between 2011 and 2016, whereas Public Works fuel emissions increased 20.8 MTCDE due to longer solid waste haul distances. Overall, Town emissions have decreased 203.0 MTCDE, or 11.3%, since 2011.

The largest change in emissions between 2011 and 2016 is the 86.4 MTCDE decrease in emissions from streetlight usage. This 22% drop in streetlight-related emissions is largely 

Table 5
Detailed Emissions Estimates 2011-2016
	
Facility Name
	2011 Emissions (MTCDE)
	2014 Emissions (MTCDE)
	2015 Emissions (MTCDE)
	2016
Emissions
(MTCDE)
	Change in MTCDE from 2011 to 2016
	Change in MTCDE from 2015 to 2016
	% Change from 
2015 to 2016

	Streetlights
	392.3
	310.8
	300.4
	305.9
	-86.4
	5.5
	1.8

	Police Fuel
	303.9
	273.6
	272.3
	290.0
	-13.9
	17.7
	6.1

	PW Fuel
	287.0
	340.1
	325.3
	307.8
	20.8
	-17.5
	-5.7

	Century Center
	278.3
	265.4
	246.7
	227.3
	-51.0
	-19.4
	-8.5

	Fire Station #1
	125.4
	89.9
	87.6
	84.8
	-40.6
	-2.8
	-3.3

	Fire Dept. Fuel
	79.0
	91.5
	84.7
	80.5
	1.5
	-4.2
	-5.2

	Other Lighting
	72.8
	59.0
	60.7
	64.3
	-8.5
	3.6
	5.6

	Town Hall
	71.7
	60.0
	60.1
	56.5
	-15.2
	-3.6
	-6.4

	Public Works
	61.0
	53.7
	53.5
	56.7
	-4.3
	3.2
	5.6

	Fire Station #2
	59.4
	57.2
	54.7
	58.5
	-0.9
	3.8
	6.5

	Parks
	42.3
	33.3
	36.5
	38.6
	-3.7
	2.1
	5.4

	Other Fuel
	16.9
	13.2
	14.1
	13.3
	-3.6
	-0.8
	-6.0

	Other Facilities
	12.4
	6.1
	15.0
	15.2
	2.8
	0.2
	1.3

	Annual Totals
	1802.4
	1653.8
	1611.6
	
1599.4
	-203.0
	
-12.2
	-0.8



attributable to the 20% decrease in emissions intensity of electricity usage over that time span, combined with a slight reduction in kWh consumed.

Another notable change in emissions is the 51.0 MTCDE decrease in emissions from the Century Center between 2011 and 2016, and the 19.4 MTCDE decrease between 2015 and 2016 alone. The building consumed nearly 25% less natural gas in 2016 than in 2015. The decreasing carbon intensity of electricity generation accounts for much of the remaining decrease in emissions since 2011. Figure 5 was constructed to better illustrate the recent changes in natural gas consumption at the facility.

From Figure 5, it is clear that the Century Center’s natural gas usage decreased significantly in the past two years, and most notably in the colder months. Natural gas usage at the facility would traditionally peak between January and March, with a peak in March 2015 at 2677 therms. At the peak in February 2016, the Century Center used 2054 therms, and at the peak in January 2017, the facility only used 1516 therms, which is a 43.4% reduction in peak monthly natural gas usage in just two years.  This may be partly attributable to the investment that was made to improve the performance of the building’s HVAC system.



Figure 5
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The third largest emissions change since 2011 is from Fire Station #1, which was down 40.6 MTCDE from its 2011 emissions levels in 2016. This resulted from a 16.5% reduction in electricity use and a 24.3% decrease in natural gas usage in the building between 2011 and 2016. 

Other notable changes in the past year from 2015 to 2016 include both Public Works and Police Department fuel usage. Although the emissions from Public Works in 2016 were 20.8 MTCDE higher than they were in 2011, its total emissions of 307.8 MTCDE was a decrease of 17.5 MTCDE, or 5.7%, compared to last year. The overall increase compared to 2011 is likely attributable to longer solid waste haul distances.

The Police Department has cut its fuel emissions by 13.9 MTCDE compared to 2011, but in 2016 its emissions increased 17.7 MTCDE, or 6.1%, over last year. 

Overall for 2016, the 17.7 MTCDE increase in Police Department fuel emissions was almost entirely negated by the 17.5 decrease in Public Works fuel emissions.

Taken together, these five areas of change impact the Town’s five largest sources of emissions, and make up 89.9% of all net emissions changes between 2011 and 2016. Therefore, continued focus on these areas will be needed for significant future reductions. 

Emissions Reduction

Current Actions

The Community Climate Action Plan (CCAP) adopted in January 2017 included recommendations as to how the Town government and larger Carrboro community should proceed with greenhouse gas emissions reductions. A primary recommendation of the report was a 50% per capita emissions reduction goal by 2025, through a broad community campaign. The recommendations in the plan that are perhaps the most relevant to this inventory relate to reducing emissions related to energy use in buildings, from transportation/fleet operations, and investment in renewable energy projects.

Policy Options

The reduction of energy use in Town buildings is important to reduce emissions, as buildings accounted for 30% of municipal emissions in 2016. This was the highest single contributor to emissions, as depicted in Figure 6. Of the total emissions attributable to buildings, electricity use was responsible for 75.8%, with natural gas usage providing the remainder. With this in mind, focusing on electricity usage of Town facilities would be an important starting place for emissions reduction efforts.

Given the uncertainty surrounding the EPA’s Clean Power Plan and the recommendations for utility emissions reduction it contains, it is hard to predict how utility emissions resulting from electricity generation will perform in the future. If current trends are followed, then it stands to reason that emissions will be gradually reduced as cleaner fuels replace more emissions-intensive fuels on the grid. This means that if the Town takes no action, electricity emissions may be reduced considerably, but this does not address the aspect of usage. Overall Town electricity usage has been rising at an average rate of 9,110kWh per year since 2007, and although the increase is small relative to the total amount used, it still shows that efforts to reduce electricity use have not been successful. The Town’s electricity usage compared to the resulting emissions is shown in Figure 7.

Figure 6
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Figure 7
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Given the importance of electricity in the overall footprint, the uncertainty in the degree to which carbon intensity from the generation of electricity will continue to decrease, the slightly increasing trend in electricity use over the last decade, and the 50% per capita emissions reduction goal by 2025, it is apparent that continued diligence is needed to reduce the use of electricity. For example, planning for facilities renovations following on the recent Space Needs study should consider improvements in energy efficiency. It is also worth considering opportunities to address electricity use from streetlights such as LED retrofits. The 2014 Energy and Climate Action plan identified LED streetlight retrofits as a priority action because of the potential to reduce emissions by 5-10% from this single action. A regulatory decision that created an unfavorable rate structure created a barrier to pursuit of LED retrofits.

Renewable Energy Generation 

The other aspect of electricity that relates to greenhouse gas emissions is on the generation side, with renewable energy generation providing a significant and accelerating mitigation opportunity, due to the increasingly favorable economics of solar electricity generation.  A recent step that the Town has taken is to participate in the U.S. Department of Energy SolSmart program which focuses on addressing and reducing the “soft costs” that local governments have some ability to influence for new solar electric installations. The Town has recently received SolSmart “Bronze” status, and may be eligible for higher levels of designation.  As part of participation in the SolSmart initiative, the NC Clean Energy Technology Center completed a detailed site analysis for photovoltaic installations at the Century Center and both fire stations.  A total of about 100kW of capacity could conceivably be installed on these facilities, at a cost of about $195k.[footnoteRef:3]6  [3: 6 The installation on the Police Station roof appears to be the one with the best return on investment/payback of these three.] 

 

According to data from the North Carolina Sustainable Energy Association, approximately 400kW of residential and commercial solar electric generation has been installed in Carrboro to date. Assuming that those systems produce electricity at the same average monthly rate that the Town Commons system does, that effort is producing almost 500,000 kWh annually, or offsetting approximately 240 MTCDE, which by way of comparison, is about 15% of municipal 2016 emissions. 

The 5kW solar photovoltaic (PV) system that was installed on the south-facing roof of the market stalls at the Carrboro Town Commons has now been producing electricity since February 2013. As of the end of April 2017, the system had cumulatively produced 25,774 kWh, which means that 10.0 MTCDE of emissions, or 0.6% of the Town’s 2016 total, has been offset by the project over its lifetime to date. The system has been successful in making the Town Commons a net producer of electricity for the majority of the year each year since 2013. 

Finally, given the contribution to emissions from the vehicle fleet, it will be important to identify and pursue opportunities for emissions reductions through both technological upgrades to lower emissions vehicles and potentially in miles driven through changes in vehicle use as well.  Identifying opportunities will require further analysis.

Conclusion and Recommendation

[bookmark: _GoBack]In 2014, the Town developed a plan to reduce greenhouse gas emissions from Town operations. Subsequently, the inability to pursue streetlight replacement with LED lights because of regulatory and rate structure barriers has hampered efforts to achieve emissions reductions goals. Nevertheless, some reductions have been achieved, as discussed in this memo. In 2016, the Town’s emissions under the scope of this inventory dropped 12.2 MTCDE or 0.8% compared to 2015 emissions levels, and have now dropped 203.3 MTCDE overall since the first annual GHG inventory was conducted in 2011. 

Based on the information contained in this inventory, it is apparent that continued and coordinated effort is needed to further reduce emissions from Town operations.  It is recommended that the Town use the information provided in this report, supporting data and analysis, and other relevant studies to continue to identify emissions reductions opportunities, and to update the inventory in the spring of 2018. This will help the Town to continue to quantify progress toward its 2009 resolution and actions identified in the 2014 Energy and Climate Plan and more recent Community Climate Action Plan, and in general further the Town’s goals of environmental stewardship, economic sustainability, and “leading by example”. 
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Town of Carrboro Municipal Carbon Dioxide Emissions by Source (2016)

Other Fuel
L[] L] o
Fire Station #2 1% Other Facilities

Public Works 4% 1%
4%

Town Hall

4%

Other Lighting
4%

Fire Dept. Fuel
5%

Fire Station #1
5%











image6.emf
Annual Emissions (MTCDE)

Town of Carrboro Major Emission Sources, 2007 - 2016

450.0

400.0

350.0

300.0

250.0

200.0
2007

2008 2009 2010 2011 2012 2013 2014

em=mStreetlights

e Century
Center

@===police Dept.
Fuel

e=pyblic
Works Fuel










200.0	

250.0	

300.0	

350.0	

400.0	

450.0	

2007	 2008	 2009	 2010	 2011	 2012	 2013	 2014	 2015	 2016	

A

n

n

u

a

l

	

E

m

i

s

s

i

o

n

s

	

(

M

T

C

D

E

)

	

Town	of	Carrboro	Major	Emission	Sources,	2007	-	2016	

Streetlights	

Century	

Center	

Police	Dept.	

Fuel	

Public	

Works	Fuel	


image7.emf
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