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Introduction 
As part of the City of Cleveland’s Climate Action Plan (CAP) update, Brendle Group helped the City to 
update their greenhouse gas (GHG) inventory. The City chose to use the 2016 inventory year to compare 
against the 2010 baseline because that was the most recent year in which all data were available. This 
report outlines the total GHG inventory for the City, trends in use and GHG emissions each source, as 
well as, changes in calculation methodology or data sources since the 2010 baseline was calculated for 
the 2013 CAP. 

Inventory Overview 
The GHG emissions for the City of Cleveland over the last seven years are shown in Figure 1. Since 2010, 
the City has seen a 2 percent reduction in overall GHG emissions from 12.8 to 12.5 million metric tons of 
carbon dioxide equivalent (MT CO2e). Within the City, energy use and industrial processes and products 
(IPPU) are the largest emissions sources, at 49 and 34 percent of total emissions respectively in 2016.  

 

Figure 1: City of Cleveland GHG Emissions 2010-2016 

If the industrial process emissions are removed from the picture, limiting the inventory to energy, 
transportation, and waste emissions, the overall City GHG emissions fell from 9.2 MT CO2e in 2010 to 8.3 
MT CO2e in 2016, a 10 percent decrease.  
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Figure 2: GHG Emissions excluding IPPU 2010-2016 

The relative contributions of each emissions source are shown in Figure 3. The contributions from 
energy use decreased from 57 percent to 49 percent while IPPU and transportation emissions 
contributions increased from 29 percent to 34 percent, and 14 percent to 16 percent respectively. This 
indicates that the greatest emissions reductions, proportionally, have come from energy use sources.   

 

Figure 3: GHG Emissions Contributions by Source1 

To better understand the main drivers behind the overall GHG emissions trends for the City, the 
emissions by source are illustrated in Figure 4 along with the City’s population. From 2010 to 2016, the 
City’s population declined by about 3 percent. While some of the reductions in GHG emissions may have 

                                                            
1 Percentages may not add up to 100% due to rounding  
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been due to the slight decrease in the City’s population, the overall emissions reductions, especially 
stationary energy, are higher than what would be expected from population change alone.  

The decrease in energy use emissions in 2012 is mainly due to reduced use of natural gas. The decrease 
in natural gas occurred despite an increase in Gross Domestic Product (GDP) as shown in Figure 5. The 
trending energy emissions reductions in the last two years is due to decreased emissions factors for 
electricity generation, which is discussed in more detail below. Industrial process emissions have 
gradually increased over the last six years, and, as shown in Figure 5, this increase trends closely with an 
increase in the local GDP, implying the increased emissions may be driven by increased production.  

  

Figure 4: GHG Emissions Trends with Population 

 

Figure 5: GHG Emissions Trends with GDP 
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Detailed Trends Analysis 
Table 1 details emissions by source and shows the overall trends from 2010 to 2016. Where possible, 
additional context for the emissions trends shown here are provided in the following sections. Solid 
waste emissions had the highest percent change from 2010 to 2016 and energy related emissions had 
the greatest absolute reduction in emissions. The energy related emissions reductions were mostly 
driven by reductions in natural gas use, lower carbon fuel use in electricity generation, and fugitive 
natural gas emissions reductions. The only significant increase in emissions were seen in on-road 
transportation, aviation, waterborne navigation, and industrial process emissions.  

Table 1: City of Cleveland GHG Emissions Comparison by Source 

 Source 
GHG Emissions 
(MTCO2e) 

GHG Emissions 
Change 

2010 2016 MTCO2e %* 
Energy 7,278,000 6,098,000 -1,180,000 -16% 
Residential Natural Gas 915,000 772,000 -143,000 -16% 
Commercial Natural Gas 790,000 544,000 -246,000 -31% 
Industrial Natural Gas 1,091,000 1,047,000 -44,000 -4% 
Residential Electricity 644,000 501,000 -142,000 -22% 
Commercial Electricity2 987,000 788,000 -197,000 -20% 
Industrial Electricity 1,974,000 1,787,000 -184,000 -9% 
Fugitive Emissions from 
Natural Gas 876,000 658,000 -218,000 -25% 

Transportation 1,747,000 2,074,000 277,000 16% 
On-Road Transportation 1,356,000 1,643,000 287,000 21% 
Aviation  202,000 218,000 16,000 17% 
Waterborne Transportation 189,000 213,000 24,000 13% 
Waste 154,000 105,000 -48,500 -31% 
Solid Waste 136,000 87,000 -49,000 -36% 
Wastewater 18,000 19,000 500 3% 
Industrial Process 3,663,000 4,264,000 601,000 16% 
Total 12,843,000 12,542,000 -301,000 -2% 

   *Numbers may not add up to totals due to rounding 

STATIONARY ENERGY 
Emissions in this category include any building energy use, both natural gas (scope 1) and electricity 
(scope 2), as well as fugitive emissions from the processing, storage, and transport of natural gas.  

Natural Gas 
Natural gas emissions include metered natural gas use for residential, commercial, and industrial 
buildings, as well as reported natural gas losses through the distribution of natural gas within the City. 
The overall metered natural gas consumption has decreased by about 15 percent over the last six years 
while the fugitive emissions resulting in the distribution of that gas has decreased by 25 percent. This 
shows that losses within the distribution system are decreasing. The trends in natural gas consumption 

                                                            
2 Includes electricity use from streetlights and traffic lights 
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by sector are broken out in Figure 6. Residential, commercial, and industrial use all show similar use 
trends over the last six years, with a sharp decline in 2012, followed by a small rebound, and then 
continued decrease in consumption.  

 

Figure 6: Trends in Natural Gas Consumption 

Electricity 
Electricity emissions include all emissions that result from the generation of the electricity used within 
the City’s boundaries. The City of Cleveland has two electricity providers - Cleveland Public Power (CPP) 
and First Energy (CEI). The total electricity use of CEI and CPP, combined, is shown in Figure 7 along with 
the associated emissions from electricity generation. Based on this analysis, residential electricity use 
decreased 4 percent from 2010 to 2016 and commercial use decreased 2 percent, but an 11 percent 
increase was observed in the industrial sector. The overall result was electricity use increasing by 5 
percent for CEI and CPP, combined, over the 6-year period. 
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Figure 7: Trends in Electricity Use 

Although there was an increase in electricity use from 2010 to 2016, there was a reduction in electricity 
emissions - driven by a reduction in emissions factor for both utilities as shown in Figure 8. 

  

Figure 8: Electricity Emissions Factors 

The reduction in emissions factors is due to the change in fuel mix for each of the utilities over the years. 
As shown in Figure 9 and Figure 10, the use of coal for electricity generation was significantly reduced by 
both utilities and in the regional eGrid, and generally replaced by natural gas and nuclear generation. 
There was also increased generation from wind, solar and other renewables, but those sources remain a 
small percentage of the overall electricity generating supply for both utilities in the period covered by 
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this report. In 2016, CPP added significant hydro generation capacity to meet their 15% renewable 
energy goal.  

 

Figure 9: Electricity Generation Fuel Mix for CPP 

 

Figure 10: Electricity Generation Fuel Mix for CEI 

Note: Before 2012, CEI did not track the generation profile for the electricity the utility purchased from 
the market. The regional EPA eGrid emissions factors were used for this portion of the electricity in 2010. 
After 2013, generation mix is reflective of regional generation mix as CEI does not track independently.  

TRANSPORTATION 
Transportation emissions include any in-boundary transportation, as well as selected transboundary 
emissions that were particularly relevant to Cleveland - aviation and waterborne. In boundary 
transportation emissions are estimated using on-road vehicle travel only. Using national statistics 
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available from the Environmental Protection Agency (EPA), an order of magnitude estimate of GHG 
emissions from in-boundary aviation, rail, and waterborne transportation were calculated. In each case, 
the estimated emissions were significantly less than 1 percent of the overall inventory, so these data 
sources were deemed negligible and, therefore, excluded.  

On-Road Transportation 
Emissions measurements from on-road transportation includes all vehicle travel within City limits, 
regardless of origin or destination, and are calculated using total vehicle miles traveled (VMT) broken 
out by vehicle type and average fuel efficiency for that vehicle. Over the last six years, emissions from 
on-road transportation has increased by 21 percent, as shown in Figure 11, which corresponds with an 
increase in the average number of miles traveled per person. Personal driving habits have the largest 
impact on overall on-road transportation emissions, as passenger vehicles make up 93 percent of the 
total VMT and 78 percent of the on-road transportation emissions. In addition to an increase in miles 
traveled per person, the transportation model was updated in 2012 resulting in a significant increase in 
estimated on-road vehicle emissions. See methodology section for more details.  

 

Figure 11: Trends in Vehicle Miles Traveled 

Aviation 
Aviation emissions include commercial flights from Cleveland-Hopkins International (CLE) airport as well 
as municipal and private flights from both CLE and Burke Lakefront (BKL) airports. There has a significant 
decrease in commercial passenger traffic at CLE in 2014, as shown in Figure 12. This corresponds with 
the loss of the United Airlines hub at the CLE Airport. Despite this decrease in passengers the total 
commercial airline emissions attributable to the airport has increased. This is due to a greater 
percentage of the airport’s flights originating (and ending) in Cleveland rather than being stopover 
flights from the United Airlines hub. The emissions from stopover flights and flights arriving into 
Cleveland are attributed to the cities of origin rather than to Cleveland.  
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Figure 12: Trends in Passenger Travel at CLE Airport 

Trends for municipal and private flight fuel use at both CLE and BKL Airport are shown in Figure 13. 
Municipal and private flight fuel use has increased significantly at CLE over the last six years while the 
fuel use has decreased slightly at BKL. The overall emissions resulting from this fuel use remained 
relatively constant since 2010 and makes up about 14 percent of the total aviation emissions in 2016. 

 

Figure 13: Trends in Municipal and Private Aviation Fuel Use Trends 
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Waterborne Navigation 
Waterborne emissions include estimated emissions from cargo vessels transporting goods to and from 
Cleveland Harbor. The emissions estimated are limited to the approach and docking of these vessels and 
does not include any portion of the vessels’ travel between ports.  

 

Figure 14: Trends in Waterborne Navigation 

As shown in Figure 14, the significant increase (11 percent) in emissions from waterborne navigation 
corresponds with an increase in steel transported through the Port of Cleveland and an increase in steel 
production-based emissions from ArcelorMittal. Even though there has been a significant increase in 
waterborne navigation emissions, this source remains about 2 percent of the City’s overall GHG 
emissions.  

WASTE 
Waste emissions incorporate GHG emissions from solid waste as well as wastewater generated within 
the City boundaries (regardless of where the waste is treated).  

Solid Waste 
The City of Cleveland has seen a 36 percent decrease in solid waste related GHG emissions between 
2010 and 2016, see Figure 15. Over the last six years, the City has instated curbside recycling efforts, the 
impacts of which can be seen in a 9 percent decrease in residential/commercial landfilled waste and an 
8 percent increase in recycled waste over this time period. Landfilled industrial waste has increased by 
40 percent and recycled industrial waste has increased by 18 percent. Because industrial waste has a 
much lower carbon content than residential or commercial waste, it makes up only about 2 percent of 
the total landfilled waste emissions. This means that the increase in industrial waste has had little effect 
on overall solid waste emissions.  
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Figure 15: Solid Waste and Recycling by Sector 

The Lorain County Landfill also completed installation of an electricity generation system in 2012, with 
about half the capacity being installed in 2006. Using methane from the landfill to produce electricity 
rather than simply flaring the gas reduces the related emissions by about 50 percent, further driving the 
reduction in waste emissions since 2010 as shown in Figure 16.  

 

Figure 16: Trends in Landfilled Solid Waste 
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Wastewater 
Figure 17 shows the emissions from wastewater treatment has increased by about 3 percent between 
2010 and 2016. This increase corresponds to an increase in the amount of sludge processed by 
Cleveland’s three wastewater treatment plants annually. These emissions are solely from wastewater, 
with any emissions from electricity or fuel used in the treatment process, captured in the natural gas 
and electricity emissions sections. 

 

Figure 17: Trend in Biosolids from Wastewater Incinerated 

Emissions Calculation Method 
For a variety of reasons there were some adjustments to the baseline 2010 baseline GHG inventory as 
part of this inventory update. The details of these changes are described below. Overall, the total 
reported GHG emissions increased from 12.79 million MTCO2e in the 2012 CAP to 12.84 million MTCO2e 
in the updated 2010 inventory, a less than 1 percent change overall. All the trends above reflect 2010 
emissions after these changes were made. 

GPC PROTOCOL FOR COMPACT OF MAYORS 
In 2015, the City of Cleveland signed the Compact of Mayors, joining 658 cities from around the world 
committed to addressing climate change by reducing their GHG emissions. Due to the City’s 
commitment, the 2010 GHG inventory needed to be adjusted to fit the reporting requirements for the 
Compact. The City decided to report to the Compact at a Global Protocol for Community-Scale (GPC) 
Basic level with some additional emissions sources, to most closely match the emission sources included 
in the original 2010 inventory. Table 2 shows the sources required for a GPC Basic inventory plus the 
additional sources Cleveland chose to include.  
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Table 2: GPC Basic Emissions Sources 

Emissions Source Scope 1 Scope 2 Scope 3 
Stationary Emissions 
Residential    
Commercial    
Industrial    
Energy Generation Supplied to Grid    
Agriculture, forestry, and fishing activities    
Fugitive emissions from mining, processing, and transportation of coal    
Fugitive emissions from oil and natural gas systems    
Transportation 
On-Road     
Railways    
Waterborne Navigation    
Aviation    
Waste 
Solid Waste Disposal    
Wastewater    
Industrial Products and Processes 
Industrial Processes    
 Emissions sources required by GPC Basic and included 
 Emissions sources required but determined to be insignificant or not applicable for Cleveland 
 Emissions not required but included in the inventory due to significance to Cleveland 

There were no additional data or emissions sources added to the 2010 baseline inventory, but some 
sources needed to be reclassified. For example: 

1. Emissions reported to the EPA by East Ohio Gas Co. regarding natural gas distribution are now 
reported under stationary energy emissions rather than with other industrial processes.  

2. Wastewater treatment electrical energy use is no longer broken out separately but is instead 
included in the industrial stationary emissions category.  

3. Emissions from Lake Shore Power Plant are reported separately under stationary emissions as 
electricity generation supplied to grid, but the emissions are not added to the City’s total 
emissions value (to avoid double counting in electricity emissions data).  

4. Transit emissions are not broken out separately as they were in the original 2010 baseline but 
are instead included in on-road transportation (bus and trolley) or commercial electrical energy 
use (light rail).  

UPDATED GLOBAL WARMING POTENTIAL (GWP) FACTORS 
Since the 2010 inventory was compiled, the GWP factors for greenhouse gases have been updated by 
the Intergovernmental Panel on Climate Change (IPCC). While inventory recalculation is not required 
when GWP factors are updated, the 2010 inventory was adjusted to be consistent with the values used 
in the 2016 inventory, since other adjustments were already being made to the inventory. The factors 
used in the original 2010 inventory, as well as the most recent GPW factors, are shown in Table 3. The 
adjustment of the GWP factors with no other methodology changes increase the overall emissions from 
12.79 million MT CO2e to 12.84 million MT CO2e, less than a 1% increase in emissions.  
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Table 3: Global Warming Potential Values 

Greenhouse Gas GWP in Original Inventory  
(IPCC 2nd Report) 

GWP in Revised Inventory 
(IPCC 5th Report) 

Carbon dioxide (CO2) 1 1 
Methane (CH4) 21 28 
Nitrous Oxide (N2O) 310 265 

IMPROVED DATA SOURCES 
During the process of updating the GHG inventory, there were several emissions sources for which more 
accurate or more consistently available data sources were identified. To ensure consistency and 
accurate comparison between the baseline inventory and the 2016 inventory, the 2010 baseline 
inventory was updated to match the methodology of the 2016 inventory. Detailed in Table 4 below are 
all the methodology changes along with the overall impact. Each of these changes is described in the 
following sections. 

Table 4: Baseline Inventory Changes Due to Methodology Adjustments 

Emissions Source Original 2010 
Inventory  

Updated 2010 
Inventory  Percent Change 

On-Road Transportation  906,200 MTCO2e 1,355,999 MTCO2e +50% 

Columbia Natural Gas Use Data Not Included 3,667 MCF <0.1% total Natural 
Gas Emissions 

CPP Emissions Factor 1,521 lbs. CO2/MWh 1,405 lbs. CO2/MWh -8% 
CPP Electricity Use Data 1,605,033,000 kWh 1,550,635,801 kWh -3% 
CEI Emissions Factor 1,463 lbs. CO2/MWh 1,274 lbs. CO2/MWh -13% 
CEI Electricity Use Data 4,491,237,814 kWh 4,494,247,915 kWh negligible 
eGrid CH4 Emissions Factor 0.0181 lb CH4/MWh 0.0182 lb CH4/MWh <1% 
eGrid N2O Emissions Factor 0.0251 lb CH4/MWh 0.0258 lb CH4/MWh +3% 
Commercial Air Travel 162,957 MTCO2e 172,240 MTCO2e +5.7% 
Waterborne Navigation 40,629 MTCO2e 189,384 MTCO2e +365% 
Solid Waste Emissions 146,728 MTCO2e 135,663 MTCO2e -8% 

Landfill Gas Use 100% flared 
50% flared;  
50% electricity 
generation 

-25% emissions 

Wastewater Sludges Incinerated 230 wet tons/day 39,677 dry tons/yr. -55% emissions 
Total Emissions  12.79 million MTCO2e 12.84 million MTCO2e <1% 

 

On-Road Transportation Emissions 
For the 2010 inventory, Northeast Ohio Areawide Coordinating Agency (NOACA) provided VMT for both 
on-road vehicle trips that were entirely within the City’s boundaries, as well as vehicle trips that crossed 
City boundaries (by vehicle type). The mileage data was used with typical fuel efficiency data by vehicle, 
provided by the EPA to estimate emissions. All internal trips and 50 percent of internal-external trips 
were included in the City’s inventory - consistent with the induced activity method shown in Figure 18.  

NOACA has since changed their on-road transportation tracking system to MOVES2014a, developed by 
the EPA. This model is not able to distinguish between internal and internal-external vehicle trips. 
Rather, it calculates the vehicle emissions within a designated geographic boundary, by vehicle class. 
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This model also considers additional factors such as average vehicle speed, by road. The emissions 
estimates provided by this model are consistent with the geographic method shown in Figure 18. The 
decision to change to the geographic methodology for calculating on-road emissions was made mainly 
based on availability of data, but this model also likely provides a more accurate estimate of total 
emissions to be attributed to the City of Cleveland. The MOVES2014a model is not able to distinguish 
City bus or trolley traffic from other on-road vehicles, so transit bus emissions are not broken out 
separately in this updated inventory. 

 

Figure 18: Transportation Calculation Methods 

For the updated transportation model, NOACA calculated on-road greenhouse gas emissions (GHG) 
using the most recent version of the US Environmental Protection Agency’s (US EPA) Motor Vehicle 
Emissions Simulator, version 2014a (MOVES2014a). Emissions factors for all vehicle class types (e.g., 
passenger vehicles, buses, heavy-duty trucks) were developed for carbon dioxide equivalent (CO2e). 
These emissions factors estimate the grams of each pollutant released per mile (g/mi) for each vehicle 
class, under various parameters. Emissions factors were selected for vehicles traveling 27.5-32.5 miles 
per hour (mph), which is approximately the average travel speed for vehicles in the US, according to the 
US Department of Transportation (US DOT) statistics. Emission factors were also selected for buses 
traveling 12.5-17.5 mph, the average travel speed for buses in the NOACA region.  

The selected emission factors (in g/mi) were then multiplied by the total VMT for the City of Cleveland 
and Cuyahoga County for each analysis year. VMT is an indicator of the travel levels on the roadway 
system by motor vehicles and varies by year. These VMT values are calculated using the NOACA travel 
demand model and are broken down into vehicle classes. NOACA utilized their travel demand model to 
develop VMT totals for 2010, 2011, 2018, and 2020, and it then interpolated VMT for the intervening 
years (2012-2017) using this data. The resulting emissions estimates are expressed in metric tons of 
carbon dioxide equivalent (MtCO2e). Between the 2011 and 2018 model years, NOACA further refined 
their model. A brief description of the model changes is outlined in Table 5. 

Table 5: MOVES Modeling Parameters Comparison 

 2010-2011 Model Years 2018, 2020 Model Years 
Socioeconomic Inputs 2000 Census 2010 Census 
Traffic Analysis Zones 1,236 Zones 5,300 Zones 
Modeling Periods Fewer More  
Modeling Highway and Transit Networks Fewer More 
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The switch in methodology for estimating on-road transportation emissions resulted in increased on-
road emissions of 50 percent.  

Columbia Natural Gas Use Data 
There are a small number of commercial natural gas customers within City limits that receive their 
natural gas service from Columbia Gas rather than Dominion. This data had not been collected 
previously since it is such a small portion of the City’s natural gas use. For the 2016 GHG inventory 
update, data collection was done in conjunction with Cuyahoga County’s GHG inventory. Since the 
County was requesting use data from Columbia for other communities where Columbia Gas is a 
significant natural gas provider, the small portion of use within Cleveland was incorporated into the 
City’s inventory for consistency between the City and County inventories. This increased the City’s 
natural gas use and emissions by <0.1%. 

Electricity Emissions Factors (CPP and CEI) 
Due to difficulties in receiving accurate emissions factors from the local utilities, the electricity 
generation emissions factor was calculated based on the electricity generation portfolio which is readily 
available for CPP. This decision was made in order to have consistent calculation methodology from year 
to year that would show the appropriate trends in electricity-related emissions for the City. The 
methodology for calculating the emissions factor is outlined in Table 6 and is based on fuel emissions 
factors and generation efficiencies published by the Energy Information Administration (EIA). For 
consistency, the same emissions factor for each fuel type was used for both utilities.  

Table 6: Electricity Emissions Factor Calculation Assumptions 

Fuel Efficiency Fuel Emissions Factor Generation Emissions Factor 
Steam Turbine  % kg CO2/MMBtu lb. CO2/MWh 
Coal 34% 93.30 2069.1 
Petroleum (oil) 33% 102.10 2295.3 
Natural Gas 45% 53.07 895.6 
Nuclear/Hydro/Renewable n/a 0 0 

Note: Carbon Dioxide emissions by fuel type was based on the EIA’s February 2016 data (US EIA, 2017), 
and efficiency by generation type was taken from 2017 release data (US Energy Information 
Administration, 2017). 

This methodology was used to estimate the CO2 emissions factor for each utility, and the eGrid regional 
emissions factors were used for CH4 and N2O emissions since they are much smaller components of the 
overall emissions factor. The adjustment of the emissions factors for the utilities resulted in an 11 
percent reduction in electricity-based emissions in 2010. 

CEI Electricity Use Data 
Through the inventory review process, concerns about the accuracy of electricity use data provided by 
CEI were raised due to a large jump in use between 2012 and 2013. After further review, CEI revised 
their data query and provided updated data for all years. The revised data resulted in a small change in 
electrical energy use for 2010 and the large data jump between 2012 and 2013 was eliminated. This had 
a negligible effect on the electricity emissions for 2010. 
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CPP Electricity Use Data 
During the 2016 inventory update process, it was discovered that all electricity use for CPP customers 
was being included in the data provided by the utility. This included a small portion of use just outside 
the City limits. The electricity use outside City boundaries was eliminated for all years, which resulted in 
a 3% reduction in CPP electricity use in 2010. Since CPP only provides about 25% of the electricity to 
customers in the City, this change resulted in a less than 1% change in overall electricity emissions.   

Airline Travel 
There was no change in methodology for calculating GHG emissions from airline travel - rather a 
clarification. The original 2010 inventory listed Cleveland Airport Systems and Atlantic Aviation as 
providing fuel for BKL airport. After further review, it was found that Signature Flight Support is the sole 
fuel provider for BKL and Atlantic Aviation is the sole fuel provider for all non-main terminal flights from 
CLE. Together, these two fuel providers represent any municipal or private air travel from the two 
airports. Passenger-based estimates are still used to estimate commercial air travel emissions from CLE. 
To avoid future confusion, the emissions have been reclassified as commercial air travel (passenger-
based estimates from CLE) and municipal/private air travel (fuel-based estimates from both fuel 
providers). There were no changes made to the emissions from airline travel. There was also revised 
data available for some of the national flight statistics used to calculate emissions from commercial air 
travel. These data were updated, resulting in a 5.7% increase in emissions from commercial air travel in 
2010.  

Waterborne Navigation Emissions 
In the original 2010 inventory, the number of vessels used to estimate waterborne navigation emissions 
was received from the Cleveland-Cuyahoga County Port Authority. As part of this update, it was 
discovered that the Port Authority only tracks vessels that dock at the port, which is a small portion of all 
vessels. For a more accurate representation of the number of vessels traveling to and from Cleveland, 
the vessel inventory from the Army Corps of Engineers was used. The vessel movements tracked here 
include the outer harbor, as well as any river traffic up to and including the Upper Republic Steel 
Corporation dock. This was felt to be a more accurate representation of all the commerce vessels for the 
City of Cleveland. These data are also publicly available, which will ease data collection in future years. 
This adjustment increased the waterborne navigation emissions by 365 percent, which resulted in a 1 
percent increase in the overall City GHG emissions.   

Solid Waste Emissions and Landfill Gas Use 
For the original 2010 inventory, waste collection data for the City was available for residential waste but 
not for commercial waste. National waste statistics were used to estimate the total amount of 
commercial waste generated by the City.  

As part of the 2015/2016 inventory update, reported residential/commercial and industrial waste 
amounts from the Ohio EPA Annual District Report were available from 2010 to 2016. These district 
reports document waste collection for Cuyahoga County and were used to calculate per capita waste 
estimates. These estimates were then applied to the City’s population to estimate the City’s 
contribution to the district’s total waste stream. This methodology change increased the per capita 
waste generation amount from 4.3 to 5.6 lbs. per person per day, for residential and commercial waste.  
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The industrial waste reported in the district reports had not been estimated in the original GHG 
inventory. The inclusion of the industrial waste increased the total landfilled waste in 2010 by 22 
percent (66,674 tons). Based on guidelines from IPCC, the degradable organic carbon (DOC) of industrial 
waste is approximately 1 percent while the typical DOC of municipal solid waste is 18 percent 
(International Panel on Climate Change, 2006). To adjust for the reduced carbon content in industrial 
waste, the total industrial waste weight was divided by 18 before being added to the municipal solid 
waste weight to calculate the total landfilled solid waste weight used to calculate emissions. 

More detailed information about the electricity generation from captured biogas at the landfill was also 
available as part of this update. About half of the electricity generation capacity was installed in 2006 
and the remainder in 2012. For the updated 2010 inventory, it was assumed that half of the landfill gas 
was flared and half was used for electricity generation, while the original 2010 inventory assumed all 
landfill gas was flared.  

These changes in solid waste emissions methodology resulted in an 8 percent reduction in landfill 
emissions in 2010.  

Wastewater Sludges Incinerated 
The amount of wastewater sludge incinerated had been provided as wet sludges per day. The 2015 and 
2016 inventory update process found that the amount of waste in the sludge had changed due to a 
change in process at the wastewater treatment plant. For consistency, dry weight was used in the 
calculations, instead, for all years. This resulted in a 55 percent reduction in the estimated emissions 
from wastewater sludge incineration. Since wastewater emissions is such a small portion of the City’s 
overall GHG emissions, the effect on the overall inventory is negligible.  

Next Steps 
The findings of this report will be reported to the Global Covenant of Mayors to meet the City’s 
commitment as well as be used to help inform implementation of the emissions reducing objectives 
from the 2017 CAP. Based on the findings of this inventory, the following areas present the greatest 
opportunity for GHG emissions reductions: 

1. Electricity Emissions Factor: The City should continue to build on the success they have had in 
recent years encouraging local utilities to incorporate more renewable energy into their 
generation mix. This has been a significant source of GHG reductions over the last 5 years and 
has the potential to have significant impact over the next 5 years as the utilities move away 
from coal electricity generation to cleaner electricity sources.  

2. Regional Transit Projects: The largest increase in GHG emissions was from on-road vehicles. 
This presents an opportunity make a significant impact on emissions through targeted 
implementation of regional transit projects that reduce the passenger vehicle miles traveled.  

3. Industrial Process Emissions: Significant GHG emissions savings were seen through Cleveland 
Thermal’s conversion from coal to natural gas boilers and Arcelor Mittal continues to pursue 
emissions reduction targets. By continuing to support Cleveland’s large industrial customers to 
improve the efficiency of their process, Cleveland could continue to see significant reductions in 
GHG emissions while supporting local businesses.  
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