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PREFACE 
 

The Kansas Department of Transportation’s (KDOT) Kansas Transportation Research and New-

Developments (K-TRAN) Research Program funded this research project. It is an ongoing, 

cooperative and comprehensive research program addressing transportation needs of the state of 

Kansas utilizing academic and research resources from KDOT, Kansas State University and the 

University of Kansas. Transportation professionals in KDOT and the universities jointly develop 

the projects included in the research program. 

 

 

 

NOTICE 
 

The authors and the state of Kansas do not endorse products or manufacturers. Trade and 

manufacturers names appear herein solely because they are considered essential to the object of 

this report.  

 

This information is available in alternative accessible formats. To obtain an alternative format, 

contact the Office of Transportation Information, Kansas Department of Transportation, 700 SW 

Harrison, Topeka, Kansas 66603 or phone (785) 296-3585 (Voice) (TDD). 

 

 

 

DISCLAIMER 
 
The contents of this report reflect the views of the authors who are responsible for the facts and 

accuracy of the data presented herein. The contents do not necessarily reflect the views or the 

policies of the state of Kansas. This report does not constitute a standard, specification or 

regulation. 
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Abstract 

Many organizations have become concerned about the environmental impact of their 

facilities and operations. In order to lessen environmental impact, quantitative assessment of 

practice based on improvements from a baseline condition is needed. The Kansas Department of 

Transportation (KDOT) has determined that the establishment of a carbon footprint baseline for 

its building and vehicle fleets will aid in prioritizing limited renovation funds and purchasing 

decisions. The procedure for establishing the carbon footprint baseline for KDOT building utility 

use is documented. A methodology for estimating the energy and carbon emissions for building 

energy use with some unavailable data also was developed. It was estimated that the carbon 

footprint baseline for KDOT‘s 122 complexes that have utilities is 11,891 metric tons of CO2 

equivalents. 
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Chapter 1: Introduction 

1.1 Background 

Many institutions have become interested in their carbon footprints because of concern 

over the environmental impact, regulatory compliance, and public relations. Carbon footprint can 

be defined as ―a measure of the impact human activities have on the environment in terms of the 

amount of greenhouse gases produced, measured in tonnes of carbon dioxide‖ (ETAP 2007). 

Global climate change is the change in the earth‘s average temperature and local weather 

trends from a continued increase in the earth‘s average temperature from an increase in 

greenhouse gas (GHG) concentrations in the atmosphere (U.S. Environmental Protection Agency 

2011a). Natural emissions of GHG help maintain the earth‘s temperature, but a sustained 

increase in atmospheric GHG concentrations may result in climate change (U.S. Environmental 

Protection Agency 2011a). These gases absorb and emit back infrared energy to the earth‘s 

surface, trapping heat and causing less predictable and higher average global temperatures. These 

GHG include water vapor, carbon dioxide, methane, nitrous oxide, sulfur hexaflouride, ozone, 

and other trace compounds, many of which are related to chlorofluorocarbons (U.S. 

Environmental Protection Agency 2011b).  

Carbon dioxide is naturally occurring, but is also the most important anthropogenic 

source of greenhouse gases. Between 1990 and 2007, GHG emissions increased by 17%, 

whereas CO2 emissions from fossil fuels increased by 21.8% over the same time period (U.S. 

Department of State 2010). The other anthropogenic greenhouse gases are more potent at 

trapping heat than CO2, but are emitted in much lower levels. Concern over global climate 

change and potential legislation and regulations aimed at curbing GHG emissions have caused 

many large organizations to reexamine their emissions and energy use practices. Without 

knowledge of these levels, it is very difficult for these organizations to know if changes in 

practice are actually having an effect in reducing emissions or how much credit to take for them 

when reductions do occur. Additionally, since CO2 emissions are very closely related to energy 

use, methods used to reduce CO2 also result in increased efficiencies and reduced energy costs.  

A quantification of an organization‘s carbon footprint can also help in identifying 

inefficient processes by identifying those responsible for significantly higher carbon emissions 
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than other similar processes or facilities. Building energy consumption in the U.S. has been 

rapidly increasing and ultimately results in increased carbon emissions (Koomey et al. 2001). 

This rapid increase is due to increasing demand associated with increasing population and 

intense use of fossil fuels (Levine et al. 1996). Building standards for existing and new buildings 

could be improved to reduce fossil fuel demand.  

The U.S. Environmental Protection Agency now requires that emitters of 25,000 metric 

tons or more of greenhouse gases each year report their emissions annually (U.S. Environmental 

Protection Agency 2009). In view of recent concerns about climate change, regulations that may 

be enacted soon will require reporting and reduction of greenhouse gases. According to the U.S. 

Environmental Protection Agency, the transportation sector is one of the five major contributors 

to GHG emissions (U.S. Environmental Protection Agency 2011b). Transportation accounts for 

approximately 28% of U.S. GHG emissions, mainly from burning petroleum and coal products 

in cars, trucks, trains, and airplanes (U.S. Department of Transportation 2006). As a result, the 

Kansas Department of Transportation (KDOT) has determined that there is a need to quantify its 

carbon footprint. This proactive decision was also made to help the agency identify areas of 

potential energy efficiencies. A comparison of the carbon footprints and utility costs of new and 

renovated structures with those of older facilities will also aid in planning for future renovations 

and provide evidence of the benefits of facility upgrades. 

 

1.2 Problem Statement 

Many large organizations have started to evaluate their emissions and introduce more 

efficient energy use practices. Annual reports to the U.S. Environmental Protection Agency are 

required for large GHG emitters (U.S. Environmental Protection Agency 2009). The Kansas 

Department of Transportation (KDOT), being one of the largest agencies in the state, generates 

significant amounts of GHGs. The department owns a large number of buildings across the state, 

which use significant amounts of purchased electricity, natural gas, and other fuels. Accounting 

for KDOT‘s GHG emissions is a key step in developing strategies to reduce them. 



3 

 

1.3 Objectives 

The objective of this project is to document and establish a carbon-emissions baseline for 

KDOT. The carbon-emissions baseline was developed for existing KDOT assets. The protocol 

established will help with future efforts to document GHG reductions by KDOT. Building energy 

use is a significant source of GHG emissions for such a large organization. Water also requires a 

significant amount of energy for treatment in order to make it potable. GHG emissions can be 

reduced by using the energy use data collected in this study to target energy efficiency 

improvements. This study consisted of the following tasks: 

TASK I: The first activity was to document KDOT assets of energy, water, and materials 

consumption. These include 1) average fuel consumption of different KDOT vehicles and 

equipment, performed by the University of Kansas (KU), 2) KDOT employees driving habits 

and equipment operation that impact fuel consumption, such as leaving the engine idling, 

(performed by KU), 3) types of fuels used by different KDOT vehicles and equipment 

(performed by KU), 4) energy consumption in buildings, performed by Kansas State University 

(KSU), 5) types of materials used for insulating buildings (performed by KU), 6) types of 

materials used for construction and materials (performed by KU), 7) potable water consumption 

(performed by KSU), and 8) types of energy used in buildings (performed by KSU).  

TASK II: Carbon emissions were calculated from the data collected for the categories 

described in Task I. The building energy and water use GHG were calculated as equivalent CO2 

emissions.  

TASK III: The equivalent carbon emissions calculated in Task II were used to establish 

the KDOT building energy and water use carbon-emissions baseline.  

 

1.4 Scope 

This is a two-phase project conducted by KSU and KU for KDOT. The establishment of a 

carbon footprint baseline for building energy use was conducted by KSU and is documented in 

this Phase 1A report. The establishment of a carbon-emissions baseline for vehicles and 

embodied energy was conducted by KU and is documented in the Phase 1B report. Phase 2 of 

this project will develop recommendations for improving KDOT‘s energy and fuel efficiency. 
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Chapter 2: Literature Review 

2.1 Introduction 

Responding to potential climate change due to the greenhouse effect has become a 

priority for many corporations and regulators. GHG emissions come from many human 

processes and services, with one of the principal ones being the burning of fossil fuels for energy 

and heating. Federal, state, and local governments are working towards framing protocols, 

policies, bills, and regulations to account for and reduce these emissions (Kansas Energy Council 

2009). Examples of these policies and initiatives are the Midwest Greenhouse Gas Reduction 

Accord (Midwestern Governors Association 2007), Western Climate Initiative (Western Climate 

Initiative 2011), Regional Greenhouse Gas Initiative (RGGI 2011), and The Climate Registry 

(The Climate Registry 2009). These registries and initiatives intend to establish the following 

GHG emission objectives: 

 Establish consistent and reproducible methods to calculate and report 

emissions for comparison to previous years emissions for the same facility 

or comparable facilities. 

 Identify and evaluate policies that can reduce GHG emissions. 

 Reward entities that work to reduce GHG emissions. 

 

2.2 Carbon Footprint   

The carbon footprint is quantitative expression of GHG emissions. Accounting for 

emissions from building energy usage is key for identifying areas and means to improve energy 

efficiency. Without knowing what emissions have been in the past, an enterprise has no way of 

measuring the impacts of efficiency improvements. 

The definition of a carbon footprint is somewhat vague and depends on the entity or 

organization for which emissions are to be quantified. The origins of the term may be traced by 

to environmental impact or footprint and can be related to the ―area of land needed to produce 

some level of human consumption (Matthews et al. 2008).‖  Definitions of carbon footprint have 

the following common components: an activity, product, organization; a quantity of gases that is 

emitted; and a defined portion of the life cycle of the object of interest such as the cradle to grave 
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time period, a one year period, or one particular step in a process (Wiedmann and Minx 2008). 

Most often the term is applied to the whole life cycle of the process to measure the carbon 

emissions.  

 

2.3 Existing Protocols and Initiatives 

International protocols like the Montreal and Kyoto Protocols and regional policies like 

the Midwest Greenhouse Gas Reduction Accord, Western Climate Initiative, Regional 

Greenhouse Gas Initiative, and The Climate Registry, have been framed to stabilize GHG 

concentrations and encourage energy-efficient methods. These and other protocols can be 

summarized as follows: 

 The Kyoto Protocol is an international treaty introduced to control GHG 

emissions and has been ratified by 192 countries (UNFCC 2011a). 

Countries ratifying the protocol have committed to reduce their GHG 

emissions or trade their emissions in the absence of GHG reduction. Gases 

considered in the treaty include carbon dioxide, methane, nitrous oxide, 

sulfur hexafluoride, hydro fluorocarbons, and perfluorocarbons (United 

Nations 1998).  

 The European Union‘s Emissions Trading Scheme and Emissions Trading 

and Renewable Preference Bill follow the cap-and-trade method, where 

limits are set on emissions and organizations are provided permits for 

emissions within the cap. An organization has to purchase a carbon credit 

if its emissions exceed its allotted credits and can then sell any of its 

surplus credits. This encourages organizations to implement efficient and 

innovative methods to reduce their emissions (Ellerman and Buchner 

2007). Many international protocols and laws are based on this trading 

system, including the Clean Air Act (U.S. Environmental Protection 

Agency 2011c).  

 Some countries, such as Sweden, Finland, Norway, and Denmark have 

implemented a carbon tax (Kansas Energy Council 2009). The carbon tax 
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is another market method where a tax is an incentive for the 

implementation of practices that reduce consumption and encourage 

development of alternate fuels and practices. In North America, Quebec 

implemented a carbon tax in 2007, while the city of Boulder, Colorado, 

has enacted a carbon tax on emissions from electricity (Kansas Energy 

Council 2009).  

 The Midwestern Greenhouse Gas Reduction Accord is a collaboration 

between Illinois, Iowa, Kansas, Manitoba, Michigan, Minnesota, and 

Wisconsin. Indiana, Ohio, Ontario, and South Dakota participate as 

observers. Under this accord, participating states are dedicated to establish 

GHG reduction targets, develop market-based methods to achieve the 

target, and develop other clean and energy efficient methods (Midwestern 

Governors Association 2007). 

 The Western Climate Initiative (Western Climate Initiative 2011) was 

launched in 2007. Arizona, British Columbia, California, Manitoba, 

Montana, New Mexico, Ontario, Oregon, Quebec, Utah, and Washington 

have joined as partners in the Western Climate Initiative. Fourteen 

jurisdictions, including Kansas, have joined as observers. These partners 

are committed to address climate change and reduce GHG emissions as a 

joint endeavor beginning in 2012. This initiative proposes a cap-and-trade 

system to reduce GHG emissions (Western Climate Initiative 2011). 

 The Regional Greenhouse Gas Initiative (RGGI) is a joint proposal of an 

association of 10 Northeastern and Mid-Atlantic states that has proposed 

capping emissions from power plants to reduce emissions by 10% (RGGI 

Inc. 2011). 

To date, 28 states in the U.S. have implemented policies or initiatives to reduce GHG 

emissions. Twelve states have already set targets for GHG emissions (Kansas Energy Council 

2009). Eleven states formed the Transportation and Climate Initiative, which focuses on 

identifying key practices that could be implemented to promote clean and efficient transportation 
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sector practices (AASHTO 2011). In 2008, the governor of Kansas signed an executive order 

creating an Advisory Council on Kansas Energy and Environmental Policy charged with 

investigating methods to reduce GHG emissions (Kansas Energy Council 2009). 

Many state departments of transportation have started considering and implementing 

green initiatives in their procedures. These include quantifying vehicular emissions and 

incorporating clean and efficient methods in the construction of bridges and highways. Examples 

of State DOT initiatives are as follows: 

 MICHIGAN: Context Sensitive Solutions (CSS). The CSS is an approach 

for developing transportation projects where the Michigan Department of 

Transportation works with ―local governments, road commissions, 

industry groups, land use advocates, and state agencies‖ to develop 

projects that respect a ―community‘s scenic, aesthetic, historic, economic, 

and environmental characteristics‖ (Michigan Department of 

Transportation 2011). 

 PENNSYLVANIA: Smart Transportation. The Smart Transportation 

Initiative started in 2004 as a method to address critical infrastructure 

needs when all of the necessary resources to maintain or improve that 

infrastructure were not available. The goal of this initiative is to use smart 

transportation planning and practices to ―advance environmental 

sustainability and equitable economic development, while maintaining 

high standards of governmental efficiency and transparency‖ 

(Pennsylvania Department of Transportation 2011). 

 TEXAS: Sustainable Transportation—Performance Measures. The Texas 

program contains 13 performance measures addressing five goals 

including ―reducing congestion, enhancing safety, expanding economic 

opportunity, improving air quality, increases the value of transportation 

assets that were developed‖ (Ramani et al. 2009). A multi-attribute utility 

theory was used to evaluate sustainability for TxDOT‘s Strategic plan 

(Ramani et al. 2009). 
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 MARYLAND: Smart, Green and Growing: The Maryland initiative is 

designed to improve sustainability in the state, specifically with state 

agencies ―linking community revitalization, transportation improvements, 

economic development, smart growth, and environmental restoration 

efforts‖ (Maryland State Government 2011).  

 OREGON: Context Sensitive and Sustainable Solutions. This is a 

comprehensive sustainability initiative to ―preserve Oregon‘s scenic, 

aesthetic, historical, environmental, economic, and other community 

values while building safe and enduring projects focusing on the 

following: 

o energy fuel use and climate change 

o material resources flow 

o environmental stewardship 

o land use and infrastructure 

o economic health 

o health and safety 

o social responsibility and work force well-being and development‖ 

(ODOT 2009). 

 NEW YORK: The New York State DOT has developed the Green 

Leadership In Transportation Environmental Sustainability (GreenLITES) 

program to improve sustainability by reducing environmental impact 

while preserving and enhancing historical, natural, and human resources 

(New York State Department of Transportation 2011). 

 

2.4 Methods for Calculating a Carbon Footprint 

Methods for calculating carbon footprints range from simple online calculators to 

complicated lifecycle assessment methods. Selection of an appropriate method to determine the 

carbon footprint for an organization essentially depends on the objectives for doing so. Carbon 

footprint calculations mean accounting for total emissions, both direct and embodied. Life cycle 
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assessment (LCA) or cradle-to-grave methodologies consider the emissions throughout the entire 

life of the process. This can be accomplished in two ways: 

 Bottom-up or process analysis (PA): This method breaks down emissions 

into smaller classes. This approach makes it more accurate for smaller 

entities and more complex for larger organizations or entities (Pandey et 

al. 2011).  

 Top-down or economic input-output (EIO): This method uses a 

mathematical procedure where inputs (input required to produce a unit 

product) and outputs are organized in a matrix form. This method has the 

advantage of easily expanding the boundaries or entities to be considered, 

while minimizing the chance of double counting the inputs (Pandey et al. 

2011).  

Type of emissions and entities producing the emissions play an important role in 

establishing a carbon footprint. GHGs emitted during the process life cycle have been classified 

at three different levels, usually referred to as tiers or scope, and are outlined as follows (Pandey 

et al. 2011): 

 Tier/Scope I – direct emissions from on-site combustion (emissions from 

boilers, transportation, heating etc.) 

 Tier/Scope II – embodied emissions (purchased energy in the form of 

electricity, water, etc.) 

 Tier/Scope III – embodied emissions over the life cycle of the process 

(which are not covered in Tiers/Scopes I and II) such as transportation of 

purchased fuels, materials, or goods (Pandey et al. 2011). Most GHG 

calculators are based on considering the three tiers/levels of emissions. 

GHG emissions are usually expressed in terms of metric tons of CO2 equivalents 

(MTCO2e). The unit CO2e is the equivalent amount of CO2 that would have to be emitted to have 

the same impact on climate change as that of the gas emitted. The global warming potential 

(GWP) of a gas is the ability of a unit of a given gas to trap heat in the atmosphere over a period 
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of time, normalized to that of carbon dioxide. (U.S. Environmental Protection Agency 2011b). 

Table 2.1 shows the GWP of the most common GHGs (The Greenhouse Gas Protocol 2004). 

 
TABLE 0.1 

GWP of Some GHGs from the Intergovernmental Panel on 

Climate Change (IPCC) 

GHG GWP 

Carbon dioxide (CO2) 1 

Methane (CH4) 21 

Nitrous Oxide (N2O) 310 

HFC – 23 11,700 

HFC – 125 2,800 

CF4 6,500 

C2F6 9,200 

C4F10 7,000 

C6F14 7,400 

SF6 23,900 

Source: U.S. Environmental Protection Agency 2011b 

2.5 Carbon Emissions Baseline for Buildings 

A research study was conducted by Jiang (2009) to determine energy management 

strategies to reduce carbon footprints for large commercial buildings in China. The two largest 

cities, Beijing and Shanghai, were chosen as test locations for the study. The energy use of nine 

commercial buildings was compared with that of residential buildings. Total energy consumption 

in the building sector was determined according to Equation 2.1 (Jiang 2009):  

 

E = ef +ec +er +ep +ed    
Equation 2.1 

where, ef  = the energy associated with the supply of fuel to buildings 

ec  = is the energy used in the construction industry 

er  = is the energy used in the retail and commercial premises 

ep  = is the energy use in other buildings (mostly public and     administration) 

ed  = energy use in the domestic sector 

 

It was found that the commercial buildings studied had about five times the energy use 

intensity than that of the residential buildings (Jiang 2009).  
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Zhang et al. (2006) studied changes in the carbon emissions from the power sectors in the 

Indian states of Andhra Pradesh and Gujarat and the Chinese provinces of Guangdong, Liaoning, 

and Hubei. Individual generating units were surveyed to obtain information on fuel mix, thermal 

efficiency and a broad range of related factors likely to affect baselines over time. Carbon 

emissions were normalized to CO2 emitted per kWh electricity generated to examine electricity 

generation efficiency over time. For this study, data for the years 1990 and 1999 were included 

and projected for 2010. The carbon intensity for Liaoning was found to have changed very little 

over time. In Gujarat and Guangdong, significant drops were seen in their carbon emissions. 

However, Andhra Pradesh and Hubei were found to have increasing carbon intensities. The 

reason behind the impressive decrease in carbon intensity in Gujarat and Guangdong was 

attributed to adoption of lower-carbon fuels and not from a decrease in electricity consumption. 

 

2.6 Energy Consumption in Buildings 

A large majority of greenhouse gas emissions in the U.S. are related to producing, 

storing, and distributing electricity, fossil fuels for transportation and heating, and other energy 

sources (U.S. Environmental Protection Agency 2011a). These energy-related carbon emissions 

equates to 6,633 x 10
6 

MTCO2e which is a 7.3% increase since 1990 (U.S. Environmental 

Protection Agency 2011a). Residential or commercial buildings generate carbon emissions 

indirectly by electricity use for climate control, lighting, water heating, and other electronic 

equipment (U.S. Environmental Protection Agency 2009). In 2008, 40% of U.S. energy 

consumption was by buildings in the form of energy services, including energy for producing 

electricity supplied to these buildings (Dixon et al. 2010). The significant increase in energy use 

observed over the years can be attributed to demographics (population growth and urbanization), 

increased demand and intensity of energy-using services, and use of carbon fuels used directly in 

buildings (Levine et al. 1996). Prevailing climatic conditions and local policies may also 

influence building energy use.  
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2.7 Energy Efficiency  

Due to increased demand for energy and subsequent increases in GHG emissions, 

reduced and more efficient energy usage for the building sector is important in reducing future 

emissions (Levine et al. 1996). Energy conservation and efficiency needed to curtail any negative 

environmental impacts and reduce the need for imported energy (Dixon et al. 2010). Limited and 

depleting energy sources, along with environmental regulations have made energy efficiency a 

key part of building design and construction (Chaturvedi 2008). As a result of the Energy 

Independence and Security Act of 2007 (EISA) and Energy Policy Act of 2005 (EPAct05), new 

standards were introduced to improve the both vehicle and appliance efficiency, with a particular 

focus on lighting (Dixon et al. 2010).  

 

2.8 Energy-Efficient Technologies 

Energy usage in commercial buildings is mainly due to consumption of electricity, natural 

gas, and water. Use of this energy includes space conditioning; office equipment; lighting; 

heating, and cooling equipment; and motors (Levine et al. 1996). Efficiency in these areas can be 

improved by (Levine et al. 1996): 

 Building designs that promote sufficient insulation, suitable orientation 

and good window quality.    

 Reducing lighting loads, which constitute a significant part of the total 

electric load, can be reduced by replacing conventional light fixtures such 

as incandescent lamps with compact fluorescent lamps, and by using 

occupancy sensors. Also, energy-efficient window glazing helps to 

efficiently use daylight in office buildings and minimize losses (Dixon et 

al. 2010). 

 Computerizing building energy-management control systems to reduce the 

energy usage in buildings by regulating and controlling unnecessary 

operations of equipment, and minimizing peak electric loads.  

 Efficient building operation, maintenance, and periodic monitoring to 

reduce annual energy usage of commercial buildings. 
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Implementation of these and other standards to successfully reduce GHG emissions has 

encountered many barriers. These include inadequate information on energy-efficiency options 

available; misplaced incentives (for example, when an agent rather than the occupant and 

beneficiary of energy efficiency is responsible for buying energy-related equipment or 

appliances); subsidizing energy costs and later eliminating such subsidies, resulting in people 

leaving the legal energy market with little incentive to improve energy efficiency (Levine et al. 

2007). Energy policies to overcome these barriers should be implemented to minimize energy 

costs and energy usage, and ultimately to curtail carbon emissions in buildings (Koomey et al. 

2001). Policies such as carbon trading, efficiency of buildings and equipment, advanced research 

and development, and improving market structure and financing could be considered for 

overcoming these barriers. For example, adoption of programs such as the Green Lights 

partnerships, ENERGY STAR, and Rebuild America promote efficiency in commercial buildings 

and promote the purchase of cost-effective and efficient technologies (Koomey et al. 2001). 

Standard building and energy codes, building certification and labeling systems, education, 

training, and energy audits could be implemented to overcome barriers to GHG reduction 

(Levine et al. 2007).  
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Chapter 3: Methodology 

3.1 Introduction 

The process to establish a carbon-emission baseline involves selection of a carbon 

calculator, collection of required data, and analyzing the data using the selected calculation tools. 

The study method used in this work consisted of the following three basic tasks: 

 Task I: Survey and document KDOT assets, energy, and water use. 

 Task II: Develop a carbon calculator. 

 Task III: Calculate the carbon baseline from energy and water use data. 

 

3.2 Survey and Document KDOT Assets, Energy and Water 

The objective of the first project task was to identify KDOT buildings, the energy 

services used by the buildings, and the energy providers. KDOT is one of the largest and most 

dispersed organizations in the state. KDOT owns 941 buildings, as described in Table 3.1. 

Buildings owned by KDOT have different functions and corresponding energy use patterns. 

KDOT has been divided into six districts for management and administration, with the buildings 

distributed fairly evenly across the districts to provide adequate service to all KDOT-maintained 

roads. For convenience of execution and to provide the services, KDOT has divided each district 

further into areas and sub-areas. Each district has a district office, area offices, and sub-area 

offices. KDOT buildings are often located as part of a complex or group of buildings with 

different functions. A complex will often be made up of an office building, wash bay, equipment 

storage sheds, and chemical storage dome. The number of buildings at each complex varies, 

depending on complex type, year built, and number of lane miles serviced by the complex. 

District office complexes have more buildings, which include the district shop area, district 

laboratory, area office, wash bay, maintenance shop, chemical dome, and equipment storage 

sheds. 
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TABLE 3.1 

KDOT Building Types 

Building Type Number of Buildings 

Office Building 183 

Equipment Storage 128 

Storage Shed 101 

Wash Bay 89 

Chemical Dome 209 

Salt Bunkers & Loader 201 

Laboratory 16 

District Shop 6 

Radio Shop 3 

Transmission Tower 1 

Salt Brine Storage 2 

Weighing shop 2 

Total 941 

 

Many complexes contain only sand bunkers and salt storage domes, which are usually 

located along highways or near interchanges. In this research, direct and indirect emissions due 

to energy use were considered for calculating carbon emissions, allowing complexes without 

utility service to be neglected in the analysis. KDOT complexes will often contain more than one 

building, with only one service meter for each utility type for the complexes. A total of 226 

complexes have been identified, of which 122 complexes have buildings with active utility 

accounts. The remaining 104 complexes contain only sand bunkers and salt-storage domes. A 

total of 729 buildings on 122 complexes were included in the energy-related, carbon-emission 

analysis.  

Building inventories provided by KDOT did not group buildings by complex, but instead 

gave only the building address. Many buildings at the same complex had different addresses. In 

order to identify and group the buildings together into complexes serviced by common utility 

meters, the research team used Google Earth and Google Street View to make virtual site visits to 

all of the facilities.  
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3.2.1 Utility Providers 

Once the buildings to be considered for the project were identified and grouped by 

complex, utility services and providers for those buildings were identified. No central database 

existed at the start of this project for utility providers and account numbers for the KDOT 

complexes. This required the creation of a new database of account numbers and providers for 

the 122 complexes. Most complexes had only one or two meters for each utility type, making it 

impossible to break down utility use by building. Therefore, the complex itself was chosen as the 

basic unit for reporting energy use and carbon emissions data. The utility account addresses were 

sometimes slightly different than those of the buildings, which made matching the account and 

complex challenging. Large utility providers for KDOT include Westar Energy, Kansas City 

Power and Light, Kansas Gas Service, and Midwest Energy. Many co-ops and local city utility 

providers also were identified that provide services for KDOT buildings. A total of 177 utility 

providers were identified with a total of 1,301 accounts (including 667 security light accounts). 

The security lights were not included in the building energy use carbon footprint calculations. 

Several of the utilities provided more than one utility service, such as both natural gas and water, 

to a complex. Those utility providers will be referred to as combined providers in this report. 

Seven of the complexes used propane for building heating. For these complexes, propane usage 

data was not available because each time the propane tanks on site were refilled, the contract was 

rebid and given to a new provider. The number of utility providers and accounts for KDOT 

buildings are presented in Table 3.2. 

 
TABLE 3.2 

Number of Utility Providers and Accounts 

Utility No. of Providers No. of Accounts 

Security lighting 

 

638 

Electricity 45 289 

Natural gas 5 138 

Water 67 127 

Combined 60 109 

 Total 177 1,301 
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3.3 Establishing KDOT’s Carbon Baseline 

Establishing the carbon footprint for a complex requires converting the utility use data 

into CO2e using emission conversion factors. CO2, CH4, and NO2 are by far the most important 

greenhouse gases to consider in a carbon baseline analysis. The Emissions & Generation 

Resource Integrated Database (eGRID) is a detailed emission portfolio compiled by the U.S. 

Environmental Protection Agency (EPA) and gives factors for calculating the CO2e for CO2, 

CH4, and NO2 from utility usage data. Conversion factors for electrical use are based on the 

regional fuel mix used in generating electricity and its respective emissions of CO2, CH4, and 

NO2. Indirect emissions due to water consumption are emissions resulting from pumping and 

transporting the water to the facility. All emissions were converted to MTCO2e using the 

conversion factors included in the Emissions and Generation Resource Integrated Database 

(eGRID) 2010, and The Climate Registry (The Climate Registry 2009).  

 

3.3.1 Data from Building Plans 

Building plans were acquired from KDOT to quantify the buildings‘ air-conditioned and 

non-air-conditioned square footage. The plans were also acquired to group similar facilities in 

order to estimate the energy use of facilities for which the utility data were not available. KDOT 

facility construction has occurred in spurts in response to state population growth and highway 

expansion needs, resulting in similar buildings and complexes which allows for better building 

groupings. Many of the KDOT buildings have been renovated during the past several decades. 

Data collected from building plans included year of construction, year of renovation of building 

and type of renovation, and energy type used (electricity, natural gas or propane) for heating 

systems.  

 

3.4 Data Collection: Energy Usage  

One hundred and seventy-seven utility providers operating 634 accounts were contacted 

to obtain utility usage data. The basic process is as follows:  

1. Obtain utility provider account numbers and link the account numbers to 

their respective complexes.  
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2. Contact utility providers to determine its policies concerning data access 

and the appropriate contact person to request historical utility data. 

3. Send data requisition letters to utility providers on KDOT letterhead 

signed by the assistant bureau chief of construction and maintenance. The 

letters requested both utility usage amounts (kilowatt hours, therms of 

natural gas, or gallons used) and the bill amounts. The number of letters 

sent to utilities is presented in Table 3.3. A few of the providers required 

more than one letter because different offices each required an official 

request for information. Data was requested for the previous three to five 

years; however most utility providers were only able to provide data for 

the previous two to three years because of changes or upgrades made in 

database systems.  

 
TABLE 3.3 

Number of Letters Sent to Utility Providers 

Utility No. of Letters 

Electricity 53 

Natural gas 7 

Water 66 

Combined 61 

Total 187 

 

4. Follow up with utility providers on the status of the billing history. The 

data was received from the providers by mail, fax, and email. Many times, 

the data was received in the form of screen captures from the utility 

provider‘s billing software. Figure 3.1 shows an example of one the screen 

captures received from a utility provider during the research project. 
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FIGURE 3.1 

Sample of One of the Methods by Which Data Was Received from Utility 

Providers 

 

5. Update the project database with the utility information received. For 

cases when data was received in PDF, mail, or fax form, data had to be 

entered manually. If needed, data was converted to KWh for electrical use, 

therms for natural gas use, and gallons for water use.  

6. Estimate utility usage for complexes where the utility provider was unable 

to provide utility usage data. Some of the reasons why data was 

unavailable included lack of resources available to find the paper records, 
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data from that time period was stored in an obsolete database system, or 

the provider simply refused to provide the information.  In order to 

compare facilities and establish a carbon footprint, a common time period 

was needed to avoid skew from differences in weather and usage during 

different time periods. The time period for which the greatest amount of 

utility data was available was 2009. Six utility providers were only able to 

provide data for part of 2009, requiring a few months of 2009 data to be 

estimated from the average of other year‘s utility usage for that complex. 

For some complexes, no data was available for one of the utilities (either 

electricity, natural gas, or water), requiring the utility usage to be 

estimated from complexes with similar function, size, and usage. Table 3.4 

presents the number of complexes for which utility usage was estimated. 

 
TABLE 3.4 

Number of Complexes for Which Utility Usage Was Estimated 

Utility 

Complexes Estimated 

# From similar 

complex 

% From 

similar 

complex 

# From either 

preceding or 

succeeding year 

% From either 

preceding or 

succeeding year 

Electricity 9 7.4 15 12.3 

Natural gas 12 9.8 21 17.2 

Water 6 4.9 3 2.5 

 

7. As usage and billing details of propane were not available for seven 

complexes which used propane, consumption of the natural gas equivalent 

in therms by a similar complex was considered. Barrels of propane 

equivalent to that consumed in natural gas therms was considered as the 

usage.  

 

3.4.1 Carbon Calculator 

To calculate the carbon footprint in terms of CO2e, there are a number of online 

calculators developed by nonprofit organizations, as well as tools developed by various 

environment protection agencies. A few of these calculators considered for use in this project 
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were the EPA Greenhouse Gas Equivalencies Calculator (U.S. Environmental Protection Agency 

2011d), EPA Pollution Prevention Program‘s GHG Calculator (P2 National Pollution Prevention 

Roundtable 2010), Carnegie Mellon Economic Input-Output Life Cycle Assessment (Carnegie 

Mellon 2010), and EPA Climate Leaders Simplified GHG Emissions Calculator (U.S. 

Environmental Protection Agency 2011e). The EPA pollution prevention GHG Calculation Tool 

was selected for use in this study. It allows for calculation of GHG related to electricity, natural 

gas and water usage. The calculator uses the GHG conversion factors from the eGRID (an 

extensive database of U.S. electric power generator emissions) and the Climate Registry.  The 

Climate Registry is a nonprofit organization dedicated to creating a consistent methodology for 

calculating GHG emissions and subsequently reporting them (The Climate Registry 2008).  

This GHG calculator tool was developed by the Pollution Prevention Program. ―This tool 

converts standard metrics for electricity, green energy, fuel use, chemical use, water use, and 

materials management into metric tons of carbon dioxide equivalent, MTCO2e, using standard 

national conversion factors  that are based on the mix of fuels used in each region‖ (P2 National 

Pollution Prevention Roundtable 2010). The state of Kansas falls under the southwest power 

pool (SPP) region. Standard United Nations GWPs were used to calculate conversion factors for 

CO2, NO2, and methane (CH4) emissions for each fuel used. The GHG calculator tool originally 

contained (eGRID) 2007 emission factors based on 2005 data. eGRID released updated 

emissions conversion factors for 2010 based on 2007 data. The GHG calculator was updated by 

the research team to include these new eGRID emission conversion factors. The updated annual 

non-baseload output emission rates for SPP values are presented in Table 3.5. 

 
TABLE 3.5 

Electricity Conversion Factors for the Southwest 

Power Pool (SPP) Region  

GHG North American Electric Reliability 

Corportation (NERC) region annual non- 

baseload output emissions rate 

CO2 1555.86 lb/MWh 

CH4 25.12 lb/ GWh 

NO2 16.51 lb/GWh 

Source: P2 National Pollution Prevention Roundtable 2010 
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The EPA Pollution Prevention GHG calculation tool is a Microsoft Excel spreadsheet 

calculator and used on this project. Calculations for each utility type are found on a different 

spreadsheet tab. Actions performed by different tabs are presented in Table 3.6. 

 
TABLE 3.6 

Explanation of Different Tabs in the GHG Calculator  

Tabs on GHG calculator Action performed by the tab 

Electricity Conservation GHG reductions from electricity conservation 

Green Energy GHG reductions from switching to green energy sources 

Fuel Substitution GHG reductions from reduced fuel use or substitution of greener fuels  

Greening Chemistry 

Chemical GHG reductions from reduced use of high global warming 

potential (GWP)  

Water Conservation GHG reductions from reduced water use 

Materials Management GHG reductions from extending the life of secondary materials 

 

CO2e emissions from utility use are calculated in terms of MTCO2e, using emission 

factors from the eGRID (The Climate Registry 2009). The equations used to calculate the 

MTCO2e are shown in Equations 3.1, 3.2, 3.3, and 3.4 (P2 National Pollution Prevention 

Roundation 2010; The Climate Registry 2008). 

 

ECO2e = EC * (er1CO2 + er2CH4 + er3NO2)  
 Equation 3.1 

NGCO2e = NG * (nger1CO2 + nger2CH4 + nger3NO2) 
 Equation 3.2 

WCO2e = WC * WCF.  
 Equation 3.3 

PCO2e = PC * PCF 
Equation 3.4 
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where,  ECO2e  = electricity carbon equivalent emissions (MTCO2e) 

er1CO2 = NERC region annual non-base load output CO2 emissions rate equal to 

0.000070636 MTCO2e/KWh 

er2CH4 = NERC Region annual non-base load output CH4 emissions rate equal to 

0.00000024 MTCO2e/KWh 

er3NO2 = NERC region annual non-base load output NO2 emissions rate equal to 

0.000002324 MTCO2e/KWh 

NGCO2e = natural gas carbon equivalent emissions (MTCO2e); NG is the natural 

gas used (therms) 

nger1CO2 = CO2 emission factor for natural gas equal to 0.005306 

MTCO2e/therms 

nger2CH4 =  emission factor for natural gas equal to 0.00000021 MTCO2e/therms 

Nger3NO2 = emission factor for natural gas equal to 0.000031 MTCO2e/therms 

WCO2e = water carbon-equivalent emissions (MTCO2e) 

WC = potable water consumed (gallons) 

WCF = conversion factor from gallons to carbon equivalents (MTCO2e/gallons) 

PCO2e = propane carbon-equivalent emissions; PC is the propane consumption 

(barrels) 

PCF = propane conversion factor equal to 0.029023176 MTCO2e/ barrel 

 

Figures 3.2, 3.3, and 3.4 show screenshots of the carbon calculator‘s electricity, natural 

gas, and water tabs, respectively. 
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(Source: P2 National Pollution Prevention Roundtable 2010) 

FIGURE 3.2 

Screenshot of Spreadsheet for Calculation of Carbon Emissions from Electricity Usage  
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(Source: P2 National Pollution Prevention Roundtable 2010) 

FIGURE 3.3 

Screenshot of Spreadsheet for Calculation of Carbon Emissions from Natural Gas 

Usage  

 

 

 

 
(Source: P2 National Pollution Prevention Roundtable 2010) 

FIGURE 3.4 

Screenshot of Spreadsheet for Calculation of Carbon Emissions from Water Usage   
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Chapter 4: Results 

4.1 Utility Use 

Carbon emissions from utility usage for the 122 KDOT complexes were calculated for 

the year 2009. Appendices A, B, and C contain the electricity, natural gas, and water use data 

obtained from the utility providers, respectively. For some complexes, the 2009 data for a few 

months was unavailable and was estimated from 2010 and 2011 data when available. For 9 

electricity accounts, 12 natural gas accounts, and six water complexes, no data were available. 

Data for these accounts when no data was available was estimated by multiplying the complex 

office square footage by the average utility use per office square foot for three facilities of 

similar type, size, and usage. Appendix D shows the complexes with unavailable data and the 

corresponding similar complexes used to estimate the electricity, natural gas, and water use. 

Tables 4.1, 4.2, and 4.3 show utility use and carbon emissions for the year 2009 from 

electricity, natural gas, and water use, respectively. Tables 4.4, 4.5, and 4.6 show the utility use 

and carbon emissions for the complexes for which,  part of the data was estimated from the 2010 

and 2011 electricity, natural gas, and water use, respectively. Tables 4.7, 4.8, and 4.9 present the 

utility use carbon emission values for the complexes for which data has been estimated from 

other similar complexes for the electricity, natural gas, and water use, respectively. Table 4.10 

presents the utility use and carbon emission values data for all 122 complexes, including 

estimated data. The total building energy use carbon footprint for 2009 was estimated to be 

11,891 MTCO2e. 

 
TABLE 4.1 

Carbon Emissions for Complexes with Complete 2009 Electrical Use Data  

District 

# of Complexes with 

Complete Electrical Use 

Data 

Total # of Complexes 

with Electrical 

Accounts 

Electricity (kWh) 

Consumption MTCO2e 

1 26 27 5,369,204 3,806 

2 16 18 1,166,866 827 

3 12 20 576,342 409 

4 11 17 831,967 590 

5 16 21 1,141,845 809 

6 18 19 921,621 653 

Total 99 122 10,007,845 7,095 



27 

 

TABLE 4.2 

Carbon Emissions for Complexes with Complete 2009 Natural Gas Use Data 

District 

# of Complexes with 

Complete Natural Gas Use 

Data 

Total # of Complexes 

with Natural Gas 

Accounts 

Natural Gas (therms) 

Consumption MTCO2e 

1 23 27 91,248 485 

2 17 18 100,328 534 

3 4 20 19,770 105 

4 12 17 67,038 357 

5 20 21 128,570 679 

6 14 19 77,925 415 

Total 90 122 483,879 2,574 

 

TABLE 4.3 

Carbon Emissions for Complexes with Complete 2009 Water Use Data 

District 
# of Complexes with Complete 

Water Use Data 

Total # of Complexes 

with Water Accounts 

Water (gallons) 

Consumption MTCO2e 

1 26 27 3,951,899 9.245 

2 16 18 3,450,027 8.071 

3 15 20 2,285,041 5.346 

4 17 17 2,289,180 5.355 

5 21 21 3,113,216 7.283 

6 18 19 2,938,910 6.875 

Total 113 122 18,028,272 42.176 

 

TABLE 4.4 

Carbon Emissions for Partially Complete Electrical Use Data 

District 
# of Complexes with Partially Complete 

Electrical Use Data 

Total # of 

Complexes 

Electricity (kWh) 

Consumption MTCO2e 

1 - 27 - - 

2 2 18 57,987 41 

3 7 20 484,436 343 

4 1 17 21,989 16 

5 3 21 640,059 454 

6 1 19 112,934 80 

Total 14 122 1,317,405 934 
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TABLE 4.5 

Carbon Emissions for Partially Complete Natural Gas Use Data 

 

TABLE 4.6 

Carbon Emissions for Partially Complete Water Use Data 

District 
# of Complexes with Partially 

Complete Water Use Data 

Total # of 

Complexes 

Water (gallons) 

Consumption MTCO2e 

1 - 27 - - 

2 1 18 152,130 0.356 

3 1 20 64,328 0.150 

4 - 17 - - 

5 - 21 - - 

6 1 19 375,000 0.877 

Total 3 122 591,458 1.384 

 

 

TABLE 4.7 

Carbon Emissions for Estimated Electrical Use Data 

District 
# of Complexes with Estimated 

Electrical Use Data 

Total # of 

Complexes 

Electricity (kWh) 

Consumption MTCO2e 

1 1 27 30,103 21 

2 - 18 - - 

3 1 20 21,063 15 

4 5 17 276,087 196 

5 2 21 67,167 48 

6 - 19 - - 

Total 9 122 394,420 280 

 

  

District 
# of Complexes with Partially Complete 

Natural Gas Use Data 

Total # of 

Complexes 

Natural Gas (therms) 

Consumption MTCO2e 

1 1 27 9,476 50 

2 - 18 - - 

3 11 20 72,683 387 

4 2 17 14,912 79 

5 1 21 4,151 22 

6 5 19 26,308 140 

Total 20 122 127,530 678 
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TABLE 4.8 

Carbon Emissions for Estimated Natural Gas Use Data 

District 
# of Complexes with Estimated Natural 

Gas Use Data 

Total # of 

Complexes 

Natural Gas (therms) 

Consumption MTCO2e 

1 3 27 14,413 77 

2 1 18 3,653 19 

3 5 20 24,770 132 

4 3 17 10,775 57 

5 - 21 - - 

6 - 19 - - 

Total 12 122 53,611 285 

 

TABLE 4.9 

Carbon Emissions for Estimated Water Use Data 

District 

# of Complexes 

with Estimated 

Water Use Data 

Total # of 

Complexes 

Water (gallons) 

Consumption MTCO2e 

1 1 27 55,728 0.130 

2 1 18 178,951 0.419 

3 4 20 437,734 1.024 

4 - 17 - - 

5 - 21 - - 

6 - 19 - - 

Total 6 122 672,413 1.573 

 

 

TABLE 4.10 

Carbon Emissions for All 122 Complexes with 2009 Utility Use Data, Including 

the Estimated Data 

District 
Electricity (kWh) Natural Gas (therms) Water (gallons) 

Consumption MTCO2e Consumption MTCO2e Consumption MTCO2e 

1 5,399,307 3,828 115,137 612 4,007,627 9.376 

2 1,224,853 868 103,981 553 3,781,107 8.846 

3 1,081,841 767 117,223 624 2,787,102 6.520 

4 1,130,043 801 92,725 493 2,289,180 5.355 

5 1,849,071 1,311 131,721 701 3,113,216 7.283 

6 1,034,555 733 104,233 554 3,313,910 7.753 

Total 11,719,670 8,308 665,020 3,538 19,292,142 45.133 

 

Table 4.11 shows utility use for the district offices. Table 4.12 shows utility use for all of 

the area offices in each district. Table 4.13 shows utility use for all of the sub-area offices in each 

district.  
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TABLE 4.11 

Utility Consumption for District Complexes 

District 

Electricity Natural Gas Water 

Consumption 

(kWh) 

kWh/ 

office 

sq.ft 

Consumption 

(therms) 

therms/ 

office sq.ft 

Consumption 

(gallons) 

gallons/ 

office sq.ft 

1 3,299,551 36 10,760 0.12 295,800 3 

2 434,913 19 15,786 0.68 358,870 15 

3 311,363 20 23,540 1.52 1,011,296 65 

4 368,545 15 16,630 0.70 234,049 10 

5 339,683 11 15,298 0.51 253,572 8 

6 161,560 7 14,474 0.60 196,000 8 

Total 4,915,615 
 

96,488 
 

2,349,588 110 

  

TABLE 4:12 

Utility Consumption for Area Complexes 

District # Area Complexes Electricity (kWh) Natural Gas (therms) Water (gallons) 

1 6 957,324 39,835 1,535,968 

2 4 241,316 35,672 892,583 

3 4 463,252 35,459 510,038 

4 4 403,088 30,384 747,401 

5 5 920,752 50,365 1,013,026 

6 3 262,700 31,551 1,065,000 

Total 26 3,248,432 223,265 5,764,016 

 

TABLE 4:13 

Utility Consumption for Sub-Area Complexes 

District 
# Sub-Area 

Complexes 

Electricity 

(kWh) 

Natural Gas 

(therms) 
Water (gallons) 

1 20 1,142,432 64,542 2,175,859 

2 13 548,624 52,523 2,529,654 

3 15 307,226 58,224 1,265,768 

4 12 358,410 45,711 1,307,730 

5 15 588,636 66,058 1,846,618 

6 15 610,295 58,208 2,052,910 

Total 90 3,555,623 345,266 11,178,539 

 

A closer look at the building electricity use reveals that the District One headquarters 

complex is much higher than the other five district complexes. One of the four electrical 

accounts associated with the District One complex accounted for 2,878,380 kWh, or 87% of the 

total 2009 complex usage. This one electrical account also accounts for 16.8% of the 2009 

KDOT building energy use carbon footprint. The KDOT Materials and Research Laboratory is 
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located adjacent to the District One building, and is most likely responsible for this large 

electrical use. The very large electrical use most likely associated with the Materials and 

Research Laboratory cost $128,460 in 2009. It is unknown how much of this use and cost may 

be reduced because of the unique nature of the laboratory. Much of the equipment used, such as 

ovens, freezers, compression machines, and specialized testing equipment is very energy 

intensive. Newer or more energy efficient testing equipment may not be available or have 

prohibitively long payback periods. The large numbers of computers and equipment in the 

district office and Materials and Research Laboratory would generate a substantial amount of 

heat, helping explain the low natural gas use for the District One complex. The large water use 

by District Three could be because of lawn irrigation in the arid northwest Kansas climate.  

 

4.2 Benefits of Renovation 

A number of KDOT buildings have been renovated over the past decade, of which there 

were 23 major renovations. Ten sub-areas, six area offices and seven other buildings have been 

renovated. Data from before and after the renovations was only available for the area office in 

Wamego, Kansas. This five-bay sub-area was renovated in June 2010. Utility consumption data 

for this complex was available from 2007 to 2011. Table 4.14 shows utility consumption and 

associated carbon emissions for the Wamego office before and after renovation of the five-bay 

area office. The utility data for July, 2009 to June 2010 is not included in Table 4.14 because the 

renovation operations made the data non-representative of normal KDOT operations. The city of 

Wamego provides electricity and water to the office, while Kansas Gas Service (KGS) provides 

the natural gas. Figures 4.1, 4.2, and 4.3 show comparisons of the electricity, natural gas, and 

water used before and after the facility renovation.  
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TABLE 4:14 

Before and After Renovation Details (Wamego Office) 

Utility 
Dates 

Average Monthly 

Consumption Percent Change 

Before After Before After 

Electricity 

(kWh) 

July 2007 – June 

2009 

July 2010– June 

2011 
10476 8765 -16.3 

Natural Gas 

(therms) 

Jan. 2009 – June 

2009 

Jan. 2011 – June 

2011 
301 287 -4.7 

Water (gallons) 
July 2009 – Dec. 

2009 

July 2010 – Dec. 

2010 
22458 22500 0.2 

  

 

 

 

 

FIGURE 4.1 

Electricity Consumption (kWh) Before and After Renovation of Wamego Office 
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FIGURE 4.2 

Natural Gas Consumption (Therms) Before and After Renovation of Wamego Office 

 

 

 

 

 

 

FIGURE 4.3 

Water Consumption (Gallons) Before and After Renovation of Wamego Office 
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The electricity use was 16% lower after the renovation than before, suggesting potential 

energy efficiency improvements from the renovation. The natural gas use was slightly lower after 

the renovation, even though additional heaters were added as shown in Figure 4.4. Monthly 

average water consumption was very similar before and after the renovation. More years of data 

should be examined and an onsite energy audit should be performed before any definitive 

conclusions are drawn about the benefits of the renovations.  

 

 

FIGURE 4.4 

Wamego Facility Showing the New Natural Gas Heaters Installed 

  

Heaters 
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Chapter 5: Conclusions and Recommendations 

5.1 Conclusions 

Calculation of a carbon-footprint baseline for a large government agency such as KDOT 

is an important first step in identifying potential areas for energy use and greenhouse gas 

emission reductions. Unless a carbon emissions baseline is established, it is very difficult to 

quantify and evaluate the proficiency of any efficiency program. This report describes a 

procedure for calculating carbon emissions from building utility use. Potential issues and 

difficulties for calculating the carbon footprint for a large, dispersed enterprise were described, as 

well as methods used in this study to deal with these difficulties. Difficulties included lack of a 

central database of utility providers and account numbers, utilities that required multiple requests 

in order to provide utility usage data, and use of propane for seven KDOT complexes for which 

no records were available. The baseline year selected for calculation of the carbon-emissions 

baseline was 2009. This was the year with the most available data. Incomplete data sets were 

dealt with by using data averaged from other years for the same facility when 2010 and 2011 

data were available, or by estimating utility use from KDOT facilities with a similar size and 

function.  

For the 122 KDOT complexes, the utility-use, carbon-baseline value was calculated as 

11,891 MTCO2e. Many KDOT facilities have been renovated over the past decade. Based on 

available data, a before-and-after renovation analysis was done for a five-bay sub-area office in 

Wamego, Kansas, which was renovated in June 2010. Average monthly utility consumption for 

that office from July 2007 to June 2009 was considered as the before data, and July 2010 to June 

2011 as the after data, to analyze any consumption difference and trends. The electricity use was 

reduced by 16.3% from the 2007 to 2009 time period. There was a 4.8% reduction in natural gas 

consumption, even though additional heating systems were installed. This decrease might be due 

to providing better insulation. Water use was very similar before and after the renovation.  
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5.2 Recommendations 

This phase of the project determined the carbon footprint for the KDOT buildings, and 

databases with KDOT buildings, accounts, energy usage, carbon emissions, and KDOT spending 

on energy were created. The building energy use data can be used to prioritize facilities for more 

detailed energy audits in the next phase of the project. Walk-through energy audits will be 

conducted to identify opportunities for energy reductions. Major benefits of these audits will be 

recommendations for energy efficient solutions that reduce KDOT energy and fuel use and use of 

renewable or energy-efficient bio fuels which help in reducing emissions. For further assistance, 

a tool or system will be developed to facilitate tracking and managing KDOT energy and fuel 

use. 
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Appendices 

 Appendices for this paper are available only upon request. Please send your request to 

library@ksdot.org.  
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