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EXECUTIVE SUMMARY 

 

A carbon footprint is a widely accepted indicator of measuring the impact of human activity on global 

warming. A university’s carbon footprint is the annual total of carbon dioxide (CO2) and other significant 

greenhouse gases emitted into the atmosphere as a result of daily campus activities and operations. 

Carbon footprints accounting is commonly measured in metric tons of carbon dioxide equivalents (MT 

CO2e). The primary goals motivating the American University in Cairo’s (AUC) Carbon Footprint Report 

are threefold. First, we intend to continue developing data and expertise that can be used to reduce 

AUC’s greenhouse gas emissions. Secondly, we aim to bolster the University’s finances by reducing 

demand for fossil fuel energy sources. Lastly, we hope to provide a replicable model and a working 

method that can be adopted by other institutions in the MENA region.  

  

This study calculates the carbon footprint for AUC’s New Cairo campus, where most of the University’s 

activities now take place, for the 2015-2016 academic year (September 1, 2015 – August 31, 2016). It also 

provides historical data for each academic year since the 2011-2012 year (September 1, 2011 – August 31, 

2012). Thus, this report shows trends in AUC’s carbon emissions over five years.  
 

Throughout the report that follows, the following abbreviations will be used: 
 

AY 16 – (September 1, 2015 through August 31, 2016) 

AY 15 – (September 1, 2014 through August 31, 2015) 

AY 14 – (September 1, 2013 through August 31, 2014) 

AY 13 – (September 1, 2012 through August 31, 2013) 

AY 12 – (September 1, 2011 through August 31, 2012) 
 

The main components of AUC’s AY 16 carbon footprint are heating, ventilation and air conditioning 

(HVAC) and domestic hot water, transportation, lighting and use of other electrical equipment, 

refrigerants, natural gas and water supply. The footprint is presented in Figure 1 with the MT CO2e 

percentage contribution of each significant category. 
 

Based on standardized methodologies, between AY 12 and AY 16, AUC’s carbon footprint increased by 

5,268 MT CO2e (from 41,031 MT CO2e to 46,299 MT CO2e) or by approximately 13%. The reductions 

and increases for each major category of emissions between AY 12 and AY 16 are approximately as 

follows:  

 

 

 

 

 

 

 

 

The reductions and increases are discussed in more detail in Section 1.5 (“Five -Year Progress Report”).  

In Sections 3 to 13, we set forth the methodology, data sources and assumptions that underlay our 

findings. In Section 14, we present an emissions forecast model and describe specific, concrete steps that 

we can take to reduce our carbon footprint moving forward. 

 

 

 

Reductions   Increases 

HVAC (-9%)   Transportation (+82%) 

Electricity (Non-HVAC) (-13%) Refrigerants (+41%) 

Paper (-25%)     

Water (-14%) 

Solid Waste Disposal (-25%) 

 

 

 

 

    



3 

 

AUC's Carbon Footprint 

Academic Year (AY) 2016 (September 1, 2015 - August 31, 2016) 

 

Total Emissions: 46,299 MT CO2e 
 

 

 
 

Figure 1. AUC’s Carbon Footprint, Academic Year 2016. Minor contributions came from Paper Use 

(1.12%), Water Supply (1.34%), and Solid Waste Disposal (0.84%). Not pictured is the contribution from 

Fertilizer Use (0.03%) 
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Box 1: The Main Activities Contributing to AUC’s AY 16 Carbon Footprint 
 
Over 90% of AUC’s carbon footprint is attributable to three main systems (see Figure 1): 
(1) heating, ventilation and air conditioning (commonly known as HVAC) and domestic hot water; (2) 
transportation; and (3) lighting and use of other electrical equipment. 
 
HVAC (Heating, Ventilation and Air Conditioning) 
About 40% of the carbon footprint is attributable to HVAC. Not surprisingly, given that the campus is 
located in a desert climate where air conditioning is needed more than half the year, the vast majority 
of these CO2 emissions result from the consumption of energy for air conditioning. A combination of 
increased campus consumption and reduction in production efficiencies led to an increase of HVAC 
emissions of 18% from AY 14.  
 
Transportation 
Approximately 32% of the carbon footprint can be traced to transportation, with the bulk of 
transportation emissions attributable to commuting by car and bus. Commuting has significant impacts 
because thousands of AUCians commute daily to AUC’s New Cairo Campus. Commuting-related CO2 

emissions have increased since AY 12, largely because of declining bus ridership and increased car 
commuting. The reasons for these trends are discussed in Section 1.5 and Section 4.  
 
An increase in car commuting is the principal reason for the increase of AUC’s Carbon Footprint 
between AY 12 and AY 16. Specific recommendations to reverse this trend are presented in Box 4 of 
Section 14.1.  
 
Lighting and Other Equipment 
Almost 19% of the carbon footprint results comes lighting and from the use of office and other 
electrical equipment on campus. As shown in Sections 3 and 5, continuous electricity efficiency 
measures have led to an overall decrease between AY 12 and AY 16 in emissions resulting from 
electricity. 
 
Refrigerants 
Refrigerant use is now responsible for 1.7% of the carbon footprint. As discussed in Section 1.5 and 
Section 6, refrigerant use and the corresponding CO2 emissions have grown since AY 12 as a result of 
increased maintenance and an increase in the number of stand-alone air conditioning units.  
  
Natural Gas 
An improved methodology this year led us to find that natural gas for domestic and lab uses 
contributed about 1,777 MT of CO2, or about 4% of the total footprint. Further explanation into this 
new method is given in Section 10. 
 
Water 
Supplying water to the campus now accounts for only 1.3% of AUC’s carbon footprint. As discussed 
in Section 1.5 and Section 8, the decrease since AY 12 is attributable to the substitution of treated 
wastewater for fresh water in irrigating the campus landscaping, as well as to other successful water 
conservation measures.  
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1. INTRODUCTION 

 

1.1 Motivation  

 

Planet Earth is in distress by several accounts. A key indicator of this distress is that atmospheric 

concentrations of greenhouse gases are presently the highest they have been in at least 800,000 years 

(IPCC 2014). Greenhouse gases (GHG) are defined as gases that trap heat within the atmosphere. This 

group includes carbon dioxide (CO2), methane (CH4), ozone (O3), nitrous oxide (NOX), sulfur dioxide 

(SOx) and hydrofluorocarbons (HCFC)s. The United Nations’ Intergovernmental Panel on Climate 

Change’s (IPCC 2014 Report) concludes that high concentrations of these gases are the predominant 

cause of recently observed global warming, glacial melt, and sea level rise.  

 

 
Image 1: Map of anomalies shown by the Land-Ocean Temperature Index (L-OTI). The anomalies indicate how much 

warmer or colder the temperature is, as compared to the normal mean for the 30-year period of 1951-1980. Negative 

anomalies indicate colder than the mean, and positive numbers indicate warmer, with 0.93 being the global mean anomaly 

(NASA Goddard Institute for Space Studies 2017). 

 

Scientific consensus regards carbon dioxide as the most important GHG because of its sheer abundance 

in the atmosphere. Carbon dioxide accounts for about three-quarters of the human-generated global 

warming effect (Stern 2007 pg.1). The planet is a closed system, so the total carbon stock on earth has 

remained unchanged. Carbon is also not inherently detrimental; it is an essential building block of life. 

The problem is rooted in where Earth’s carbon stock is currently held. Since industrial practices became 

standardized worldwide during the Industrial Revolution of the early 19th century, fossil fuels have been 

extracted from the ground to be converted into energy to power homes, factories, and modes of 

transportation. Fossil fuels are defined as natural energy sources that formed in the geological past from 

the remnants of living organisms. This practice of extracting and refining these fuels leads to emissions of 

gaseous byproducts, which are released into the atmosphere.  
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Historically, Egypt’s annual emissions have contributed about 0.6% to the global stock of greenhouse 

gases. Yet, it is presently recognized as one of the most vulnerable countries to the disruptions of climate 

change (Hassan 2013). The anticipated effects of climate change threaten several aspects of Egyptian 

livelihoods, including water availability, food security, and energy supply. Egypt’s long shoreline puts its 

coastal communities at risk for sea level rise in the coming century, while inland areas will likely be 

affected by rainfall disruptions in highland Ethiopia, the source of over 80% of the Nile River water. 

Meanwhile, higher temperatures and faster evaporation rates are projected to raise the water requirements 

of key Egyptian crops by 12-18% (Hesham et. al 2016). Egypt’s large agricultural sector will likely be 

affected by a hotter, drier climate coupled with worsening water scarcity. This may weaken the country’s 

ability to feed its growing population as well as negatively affect its export economy, of which agricultural 

products are a key component (INDC 2015).  

 

Despite imminent threats from climate change, 

Egypt is presently recognized for being among the 

top ten countries with the fastest rates of GHG 

emission increases (CIF 2015). This is largely due to 

its fast growing population and national fossil fuel 

subsidies that may incentivize overconsumption. As 

the largest non-OPEC oil producer and the second-

largest dry natural gas producer in Africa, Egypt has 

a robust fossil fuel energy sector (KPMG Africa 

2013) (African Vault 2017). At the same time, it is 

widely considered to be a country with the right 

physical environment to meet a large portion of its 

energy needs by utilizing wind and solar power 

(U.S. Department of Commerce 2017).  

 

Recognizing potential in the renewable energy 

sector, the Egyptian Government has announced an 

ambitious goal of growing the domestic renewable 

energy sector to 20% of the national electricity grid 

by 2022. In pursuit of this goal, governmental 

agencies have partnered with international 

renewable energy companies, established a feed-in 

energy tariff, and drafted a standard power 

purchase agreement for Egyptian organizations to 

use when purchasing renewable energy. According 

to the New and Renewable Energy Authority 

(NREA), Egypt is the only nation in the Middle East that has allocated land specifically for the 

development of renewable energy sources (Burger 2015). Major obstacles to achieving its renewable 

energy goals include large fossil fuel subsidies, plans to begin utilizing coal for power generation, 

international investor wariness due to political instability, and lack of transmissions lines from areas with 

high wind energy potential to major population centers where demands is located. Despite the prevalent 

challenges, Egypt is primed to assume a position of regional leadership in the use of renewable energy 

over the coming decade.  

Image 2. Sea level rise in the Nile Delta (Hesham et. 

al 2016) 
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Figure 2. As shown here, Egypt is one of the top emitters in the Middle East-North Africa (MENA) 

region. Emissions are shown in million metric tons of carbon dioxide equivalent (WRI 2014). 

 

The alarming implications of climate change, Egypt’s regional energy significance and a goal of becoming 

a less emissive campus led the American University in Cairo (AUC) to mobilize its resources to undertake 

the first carbon footprint study of an institution of higher education in the Middle East and North Africa 

(MENA) in 2012. In recognizing carbon dioxide’s global importance as a greenhouse gas primary 

indicator, carbon footprints are a widely used tool to measure the impact of human activities on global 

warming. The World Resources Institute defines a carbon footprint as a “representation of the effect 

your organization has on the climate in terms of the total amount of greenhouse gases produced in units 

of carbon dioxide (CAIT 2011).”  

 

While finding an effective solution to global climate change will require action on the part of all the 

world’s institutions, and AUC is just one such institution, Egypt’s vulnerability and AUC’s local eminence 

motivates our team to continue these carbon footprint studies. The primary goals propelling this biennial 

report are threefold. First, we intend to continue developing expertise that can be used to reduce AUC’s 

greenhouse gas emissions. Secondly, we aim to bolster the University’s finances by reducing demand for 

fossil fuel energy sources. Lastly, we hope to provide a replicable model and a working method that can 

be adopted by other institutions in the MENA region.  

 

1.2 The Economics of Climate Change in Egypt 

 

Climate change is often presented from an ecological point of view, but its effects will likely create 

economic costs with far-reaching global impact. Likewise, many applicable solutions for curbing GHG 

emissions present economic benefits. Climate change in Egypt is a prime example of this. For instance, a 

harsher climate and water scarcity will likely reduce Egypt’s agricultural output, which can hinder 

development and reduce national export income. On the other hand, development of the local renewable 

energy market has significant potential to create jobs, generate tax revenue, and mollify energy supply 

volatility.  
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Expressing the expected effects of climate change in economic terms is difficult. Researchers estimate 

that the agricultural sector, one of Egypt’s largest, can expect a reduction in productivity by anywhere 

from 8% to 47% by 2060. Smith (2013) also estimates that reductions in agriculture-related employment 

could be up to 39%. Additionally, the annual loss of property value in the Nile River Delta due to sea 

level rise is estimated to range from $US 7 to 16 billion by 2060 under varying sea level rise scenarios.  

 

On the other hand, the national energy sector exemplifies the nexus of climate change mitigation and 

economic opportunity. Egypt’s energy production to date has been dominated by fossil fuel sources, with 

large shifts away from oil and to natural gas in the last decade. Egypt’s rapid population growth in tandem 

with accelerated industrial development has significantly increased national demand for energy. Recently, 

domestic supplies have failed to fully meet this demand due to slowing production and subsidy policies 

that encourage overconsumption. Furthermore, some of the country’s oil and gas fields are reaching 

maturity or decline. The economic result of these interconnected factors is increased energy import 

volumes and decreased natural gas exports, which has created a negative hydrocarbon trade balance for 

Egypt as of 2013.  

 

Relying on imports to meet national energy demand places Egypt in a vulnerable position in regards to 

regional political instability and volatile energy prices. On a small scale, AUC has experienced the effects 

of this volatility. The per-kilowatt hour price of electricity purchased from EEA has steadily risen in 

recent years, but at unpredictable rates. This is partially due to the government’s attempts to roll back 

energy subsidies. Therefore, financial planning in terms of utility budgeting has become increasingly 

difficult. Additionally, the Egyptian government has recently committed to liberalizing energy prices 

(encompassing natural gas, oil, and electricity), as part of its 2016 loan agreement with the International 

Monetary Fund. This will likely negatively affect AUC’s finances, and further makes the case for investing 

in self-sufficient, renewable energy power sources. 

 

Recognizing the environmental considerations that underlie the current economic situation may create 

dual benefits, for both the country’s economy and its environment. Take the example of power 

generation in Egypt. International and domestic entities have identified a substantial power crisis taking 

hold of the country, meaning that electricity consumption is increasing faster than the national capacity to 

generate electricity. To address this challenge, the Ministry of Electricity and Renewable Energy has 

announced a plan that aims to launch new energy efficiency policies, diversify electricity sources, and 

expand renewable energy production (Williams 2016). Renewable energy currently accounts for a minor 

portion of the nation’s energy mix. Given its abundant sunlight and favorable wind conditions, the 

potential for further development of Egypt’s renewable energy sector is great. In addition to achieving the 

government’s energy stability plans, renewable energy expansion will likely create jobs of varying skill 

levels, incentivize foreign investment, ameliorate the national trade imbalance, and safeguard Egypt’s 

energy supply from regional instability. 

 

As acknowledged by our April 2015 Carbon Footprint Report (Rauch et. al 2015), energy is not the only 

resource in critically short supply in Egypt. Just as with electricity, Egypt’s fast growing population and 

likely overconsumption has strained the fixed supply of water from the Nile River. The nation has 

consistently been identified as below the “water poverty” line as defined by both the United Nations and 

the World Bank (Sullivan 2002). AUC has experienced the repercussions of water scarcity since its move 

to the New Cairo campus. Notably, there were a few instances in 2012 and 2013 when the City of New 

Cairo was unable to supply enough water to AUC to keep the University operating.  
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1.3. University Overview 

AUC was founded in 1919 and is accredited by the Commission on Higher Education of the Middle 

States Association of Colleges and Schools in the United States (MSCHE). Today, it offers American-

style liberal arts education as well as graduate programs to Egyptians, students from the MENA region 

and international study-abroad students. In September 2008, the University moved the bulk of its 

operations from nine acres of campuses centered on Tahrir Square in downtown Cairo to a brand new 

260-acre campus in the developing desert city of New Cairo (see Appendix 1), and built space jumped 

from 68,000 m2 to 203,000 m2 as a result. Since the 2008 move to New Cairo, the University’s operating 

budget, as well as the student, faculty, and staff headcounts have all increased. In short, the University’s 

activities have expanded to capitalize on its new facilities and to achieve its long-term strategic goals. 

Table 1 shows the University’s population from 2012 to 2016. 

 

In Fiscal Year (FY) 2016 (July 1, 2015 – June 31, 2016), the University’s operating budget was US$ 

163,578,000 including New Campus utilities expenditures of US$ 5,005,997 and research expenditures of 

US$ 5,900,000. 

Table 1. AUC Faculty, Staff and Students, AY 2012-16 (AUC DAIR 2017) 

  AY 12 AY 13 AY 14 AY 15 AY 16 

Faculty (Full and 

Part-Time) 

843 847 787 787 751 

Staff 2,838 2,738 2,684 2,496 2,478 

Students      

Full-Time 

Students 

5,214 5,346 5,247 5,404 5,375 

Part-Time 

Students 

1,289 1,306 1,315 1,503 1,346 

Total 10,184 10,237 10,033 10,190 9,950 

Total Full-Time 

Equivalent 

(FTE) Students1 

5,830 5,971 5,875 6,092 5,997 

1.4. AUC’s Central Utility Plant and Co-Generation 

Since almost 60% of AUC’s total carbon footprint is attributable to HVAC, domestic hot water, and the 

use of lighting and other electrical equipment, understanding how these services and utilities are delivered 

to the New Cairo campus is vital for understanding AUC’s carbon footprint. 

 

As part of the construction of the New Cairo campus, AUC entered into a long-term contract with The 

Egyptian Company for Refrigeration by Natural Gas (GasCool) to build and operate an on-campus 

central utility plant. The plant, which has a floor area of some 5,781 m² (62,226 ft²) produced all of the 

                                                
1 Includes full-time students and part-time students representing half of one full-time student 
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chilled water used for air conditioning, all of the hot water used for heating, most of the domestic hot 

water and more than 80% of the electricity used on campus in AY 2016. The manner in which each of 

these services and utilities is produced at the central utility plant is explained more fully in Appendix 2. 

 

AUC’s central utility plant is built to be energy efficient in two important respects. First, the fuel used is 

natural gas, a relatively clean-burning (albeit carbon-based) fuel that is mostly extracted domestically from 

relatively abundant reserves in Egypt. Second, the plant uses co-generation, a process of capturing and 

recycling waste heat from electricity generators, to produce nearly half of the hot water used on campus 

without burning natural gas. For a more detailed explanation of co-generation at AUC’s central utility 

plant, see Appendix 2. 

1.5. Five-Year Progress Report (AY 12 through AY 16) 

Between AY 12 and AY 16, AUC’s carbon footprint increased by a net amount of 5,268 MT CO2e (from 

41,031 CO2e [updated calculation] to 46,299 MT CO2e) or by approximately 13%. 

 

This increase can largely be attributed to the transportation section of AUC’s carbon footprint. Emissions 

resulting from transportation have been steadily increasing since 2012, with the largest absolute jump in 

emissions occurring from AY 15 to AY 16. This increase is due to a variety of factors including bus 

service availability and geographical sprawl of AUC community members. See Section 4 for further 

explanation. In addition to the considerable increase in transportation emissions, the production 

efficiencies of both the EEA and CUP production facilities declined significantly. In particular, the EEA's 

electricity fuel mix became more carbon intensive. These changes, in turn, resulted in higher carbon 

coefficients for each of these categories of energy demand, which drove up the resulting carbon 

emissions from each category. (As shown in Appendix 4) 

 

Setting aside transportation, most other components of the carbon footprint have seen significant 

reductions when comparing AY 16 to AY 12, including HVAC, domestic hot water, paper use, and solid 

waste disposal. Refrigerants and natural gas both saw increases from AY 12 to 16, but the large increase 

of the latter is partially the result of a corrected methodology to estimate the emissions. See Section 10 for 

further explanation.  

 

However, comparing this report’s findings with those of the April 2015 publication, one can see an 

increase of emissions in virtually every component of the carbon footprint. Section-specific explanations 

are given in the following pages. It is important to note that this overall increase may be partially 

attributable to a gradual return to normal capacity and operations of the AUC following the disruptions 

caused in the period between 2011 and 2013. An internal study done by AUC’s Facilities and Operations 

team found a steady increase in operating hours from 2012 to 2016. They noted the largest jump in 

operating hours occurred between AY 14 and 15, which was after our last Carbon Footprint Report. An 

increase in operating hours can be thought of as a general increased use of campus space, including 

classrooms, event spaces, and labs which in turn increases demand for services like HVAC and lighting, 

causing more energy to be consumed and emissions to increase.  

 

1.5.1. Reduced Emissions from HVAC and Domestic Hot Water, from Electricity for Lighting 

        and Other Equipment, from Paper Consumption and from Water Supply 
 

HVAC and Domestic Hot Water 
 

Just as with the April 2015 Report, this section saw a reduction in emissions as compared to AY 12. In 

AY 16, there were approximately 1,773 fewer MT CO2e emitted in AY 16 than in AY 12, which is a 
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reduction of 9%. Energy efficiency measures and meticulous tracking have led to this sustained reduction. 

Indeed, as of AY 16 AUC’s overall energy use intensity (EUI) ranks in the lower third of a group of 

American universities selected for EUI comparisons because they operate in hot-dry climates similar to 

Cairo’s (see Section 13.1). 

 

As shown in Figure 1 and discussed more fully in Section 3, HVAC and domestic hot water is a 

composite category reflecting emissions from electricity used to operate the HVAC system and emissions 

from energy used for producing chilled and hot water. The single largest sector of energy consumption at 

AUC is air conditioning. Emissions from campus and Cairo grid electricity sources are lower by about 

700 MT as compared to AY 12, but there was an increase in AY 16 as compared to AY 14 and AY 15. 

This is due to increased electricity consumption and diminishing production efficiencies from campus 

electricity sources. More detail is given in Section 3.2.2.  

Electricity for Lighting and other Equipment 

Between AY 12 and AY 16 emissions in this category fell by 1,298 MT CO2e or 13%. This is due to 

ongoing electricity conservation measures targeted principally at managing the HVAC and common area 

lighting more efficiently. As discussed more fully in Section 3.2.2, the University consumes electricity 

from two sources, its own power plant and the public utility. Between AY 12 and AY 16 overall electricity 

consumption at the New Cairo campus dropped by about 12%, but most of the reduction came from 

electricity supplied by the public utility. This helped the University save money (electricity consumed 

from the public utility is more expensive) and helped to maintain fuller capacity utilization at the 

University’s own power plant, but an unintended consequence was to limit reductions in carbon 

emissions. 

The key to understanding this effect is the difference in operating efficiencies between the public utility 

and AUC’s own power plant. For reasons such as economies of scale and fuel mix (see Section 3.2.2), the 

utility produces electricity more efficiently than AUC does at its own power plant. More efficient 

production means less fuel is needed to produce a kilowatt-hour of electricity, which in turn means a 

lower carbon coefficient for electricity supplied by the utility and correspondingly lower CO2e emissions 

per kilowatt-hour for electricity produced by the public utility (see Appendix 4). 

The University’s electricity conservation measures over the past five years not only reduced electricity 

consumption overall, but effectively shifted consumption from the more efficient producer (the public 

utility) to the less efficient producer (its own power plant).   

Paper 

Over the past five years, there has been a steady decline in paper consumption at AUC. The period of AY 

12 to AY 16 saw an emissions reduction of 171 MT CO2e (25% reduction). 

Water 

CO2e emissions attributable to supplying water to the campus decreased by 101 MT CO2e (14%) from 

AY 12 to AY 16 (see Section 8). Much of this reduction resulted from switching from domestic (drinking 

quality) water to treated wastewater for irrigation of campus landscaping (see Section 8.3). As shown in 

Appendix 5 and Appendix 6, it requires significantly less energy to bring treated wastewater to the 
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campus than to bring domestic water to the campus; less energy consumed results in lower CO2e 

emissions. 

Between AY 12 and AY 16 AUC introduced conservation measures for domestic water and treated waste 

water through various water saving pilot projects such as low flow showerheads, timed sprinkler systems, 

and irrigation with treated wastewater.  

1.5.2. Increased Emissions from Transportation, Refrigerants, and Natural Gas 

Transportation  

CO2e emissions from transportation have increased by more than 80% between AY 12 and AY 16. 

Within the transportation sector, the most significant increase was in emissions from daily commuting to 

campus, which has been estimated through the use of online transportation surveys. 

Faced with a persistent need to subsidize the bus system to the tune of $2 million annually, the AUC 

administration implemented cutbacks in the bus service in AY 14. The number of routes was reduced 

from 16 to 13, and the frequency and operating hours of the bus service were also cut. The consequence 

was a significant shift from commuting by bus, a carbon-efficient mode of transportation, to commuting 

by private car, which is neither fuel-efficient nor carbon-efficient. This downsizing of the bus system 

reduced the subsidy burden on the University, which amounted to approximately $1.4 million in AY 16. 

While the downsizing may have been a financial gain, it came at the expense of discouraging bus 

ridership, which is presently the least-emissive personal commuting option to the AUC campus. 

Comparing the results of the AY 12 and AY 16 transportation surveys, emissions from bus ridership have 

decreased steadily, while emissions from private car commuting have risen sharply. Based on the AY 16 

transportation survey, almost 11,500 MT of CO2e can be attributed to commuting by private car the New 

Cairo campus. That is more than double the emissions resulting from commuting by private car in AY 12, 

which were estimated to be about 4,900 MT.  

Despite the recent shift from buses, a sustainable mode of mass transportation, to unsustainable 

commuting by private cars, there are long-term reasons for optimism regarding emissions from 

commuting. First, AUCians have been reducing their daily commuting distances since AY 12 by moving 

closer to the New Cairo campus. As discussed in Section 4.2 and shown in Figure 8, more than two 

thirds of AUC faculty, staff and students now live in the six Greater Cairo localities closest to the New 

Cairo campus. Additionally, with further development of the New Cairo area comes a greater possibility 

of a new metro line connecting New Cairo with the Greater Cairo area.  

Another commuting option that is more sustainable than driving alone is carpooling. By having one car 

do the work of two, three, or even four vehicles, carpooling is a more carbon-efficient way to drive 

private cars to campus. Based on the results of our online transportation survey, the estimated total 

kilometers carpooled by the AUC community was 147,140 km in 2012, 155,854 km in 2015, and 71,899 

km in 2016. The low amount reported in 2016 is likely due to the unusually low amount of survey 

respondents in AY 16. It is very likely that the total amount of kilometers carpooled is much greater than 

our reported number, especially considering the carpooling campaign launched by the Office of 

Sustainability in AY 15. This campaign included widespread marketing in the form of pins, buttons, and 

social media messaging that highlighted the various benefits of carpooling. Currently the Office of 
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Sustainability is exploring ways to further incentivize carpooling in the AUC community, such as 

developing an official AUC carpooling website and application to easily connect drivers and riders.  

Refrigerants 

Carbon emissions from use of refrigerants increased by 233 MT CO2e (41%) between AY 12 and AY 16. 

According to AUC’s Office of Facilities and Operations, the increase can be explained by an increase in 

the number of stand-alone air conditioning units and the increased maintenance of equipment using 

refrigerants (see Section 6). 

 

2. OVERALL METHODOLOGY AND ORGANIZATION OF REPORT 

2.1. Reference Carbon Calculator 

AUC’s emission calculations are premised on the methodology used by Clean Air – Cool Planet Carbon 

Calculator (CA-CP).2  CA-CP is widely used by other universities and is frequently updated.  It is an Excel 

workbook designed to quantify an annual aggregate carbon footprint. Once data is collected, verified, and 

formatted into proper units for entry, the software calculates emissions of carbon dioxide, methane and 

nitrous oxide, the three commonly reported GHG emissions. CA-CP is based on workbooks and 

protocols provided by the Intergovernmental Panel on Climate Change (IPCC), the GHG Protocol 

Initiative, and the Climate Registry. 

 
AUC’s research team discovered that CA-CP’s methodology had to be modified to be applicable to AUC. 

For example, it was necessary to construct a number of emission factors specific to Egypt, to Cairo, and 

to processes occurring uniquely at AUC’s central utility plant. Further, CA-CP does not account for 

carbon emissions attributable to water supply, an issue of critical concern in an arid country like Egypt. 

Ultimately, AUC’s carbon footprint team used CA-CP as a guide for constructing AUC’s own emissions 

calculator. Whenever possible, this report uses categories and methods of analysis similar to those used by 

CA-CP to facilitate comparisons with the numerous other schools relying on CA-CP. 

2.2. Boundaries 

This report focuses exclusively on the New Cairo campus where the bulk of the University’s operations 

now take place. AUC’s original historic campus in Tahrir Square, as well as smaller remote or satellite 

facilities have consequently been excluded from this analysis. 

2.3. Calculating Carbon Dioxide Equivalents (CO2e) 

This report accounts for three of the six main GHGs: Carbon Dioxide (CO2), Methane (CH4) and 

Nitrous Oxide (N2O). The main unit of measure is metric tons (MT) of carbon dioxide equivalents 

(CO2e) (see Image 3), which is the most widely used reporting method. Carbon dioxide equivalents of 

CH4 and N2O are based on the global warming potential (GWP) of each gas – which compares the 

amount of heat trapped by a similar mass of carbon dioxide. Methane has a GWP of 21 and nitrous oxide 

has a GWP of 310 (EPA 2015). Carbon dioxide equivalents (CO2e) are used here to express the relative 

global warming impact of each of the three greenhouse gases through a single unit of measure. 

 

 

                                                
2 Clean Air-Cool Planet was established in 1999 as a non-profit organization and has published several versions of its carbon calculator software. 

To date, more than 1,000 universities in North America have used CA-CPCC to calculate their carbon footprints. CA-CPCC is the calculator 
most commonly used by signatories to the American College and University Presidents Climate Commitment (ACUPCC). Additionally, most of 
AUC’s peer institutions in the U.S. have relied on CA-CPCC. 



14 

 

 
Image 3: At standard pressure and 15°C, the density of carbon dioxide is 1.87 kg/m3. One metric ton of CO2 occupies 

534.8 m3, which would fill a cube that is 8.12 meters high. (Carbon Visuals 2012)  

 

2.4. Improved Methodologies, Data Collection and Data Analysis 

Since the publication of the Carbon Footprint Report in April 2015, our team has improved our 

methodologies, data collection and analysis in a number of respects. Accordingly, this Report contains 

recalculated carbon emissions for AY 14 in several subcategories. These changes are noted in detail 

within the affected sections. Notable changes include a re-characterization of transportation survey 

results, forecasts in place of missing hot water data, and a new methodology of calculating natural gas 

emissions. 

 

In order to assist readers who are familiar with our previous carbon footprint reports and who wish to 

accurately compare the AY 16 carbon emissions shown in this report with previous years, Appendix 3 

has been added to the current report. It shows carbon emissions broken down by category and 

recalculated with the most recent methods and data availability. The one exception is natural gas, because 

we do not currently have access to the data needed to recalculate the natural gas emissions from AY 12 to 

AY 14.  

 

2.5. Organization of Report 

Sections 3 through 11 of this report analyze the number of metric tons of CO2e resulting from each of 

the principal activities at AUC giving rise to carbon emissions, in descending order of emissions: HVAC 

(Section 3); transportation (Section 4); electricity used for non-HVAC lighting and equipment (Section 5); 

burning of natural gas for domestic and laboratory use (Section 10); refrigerants (Section 6); solid waste 

disposal (Section 9); paper use (Section 7); water supply (Section 8), and fertilizer (Section 11). The 

detailed analysis of emissions in Sections 3 through 11 is followed in Section 12 by an analysis of carbon 

sequestration from campus landscaping and composting. Section 13 compares AUC’s energy use intensity 

(EUI) and emissions per FTE student to those of American universities in similar climates. Section 14 

then presents specific recommendations for reducing AUC’s carbon footprint and an emissions forecast 

through 2030.  
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3. HEATING, VENTILATION, AIR CONDITIONING (HVAC) AND DOMESTIC HOT 
WATER  
 
3.1. Summary 
 
As shown in Figure 1, roughly 40% of AUC’s carbon emissions in AY 16, or 17,802 MT CO2e, were 
attributable to HVAC and domestic hot water. Natural gas, electricity, and water in various processes at 
AUC’s central utility plant produce these services (see Appendix 2). 
 
Electricity is used to power pumps circulating chilled water throughout the campus for air conditioning 
and for circulating hot water for heating and domestic hot water. Electricity is also used to power air 
handling units, variable air volume (VAV) units, and other equipment required for the HVAC system.  
 
Air conditioning is AUC’s single largest consumer of energy. Absorption chillers at the central utility plant 
use natural gas as fuel to produce chilled water for air conditioning. The waste heat given off by the 
absorption chillers is removed by a circulating water system that releases the waste heat from five cooling 
towers through evaporation. In 2016, these cooling towers alone accounted for approximately 19% of 
AUC’s total water use (see Section 8.2).  
 
Hot water for heating and domestic hot water is produced in one of two ways. Whenever possible, hot 
exhaust fumes from gas-fired electricity generators are used to heat water in heat-recovery boilers (a 
process known as co-generation, described in Section 3.3.2 and Appendix 2). When the heat-recovery 
boilers are not sufficient for producing the volume of hot water needed, additional hot water is produced 
in conventional, natural gas-fired boilers. 
 
3.2. Electricity for HVAC 
 
3.2.1. Emissions 
 
In AY 16, the University emitted an estimated 16,511 MT CO2e through consumption of electricity 
produced at the central utility plant. AUC emitted an additional 2,600 MT CO2e through the 
consumption of electricity purchased from the Cairo grid and supplied by the Egyptian Electricity 
Authority (EEA). Thus, in AY 16 carbon emissions from electricity consumption totaled 19,111 MT 
CO2e overall. Of this total, an estimated 55% or 10,511 MT CO2e, resulted from operation of the HVAC 
system. The basis for attributing carbon emissions to HVAC and non-HVAC operations respectively is 
discussed in Appendix 2. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Breakdown of emissions from electricity purchased from the EEA and emissions from 
electricity generated in AUC’s own central utility plant (CUP). 
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3.2.2. Explaining the Increase in Emissions from Electricity Consumption  
 

In AY 14, the University consumed 25,235,000 kWh of electricity from its own central utility plant and 

5,951,200 kWh from the EEA. In AY 15, the University consumed 24,398,000 kWh of electricity from its 

central utility plant and 6,972,000 kWh from the EEA. In AY 16, the University consumed 27,904,600 

kWh of electricity from its central utility plant and 4,404,000 kWh from the EEA. Thus, between AY 14 

and AY 15, while consumption from the central utility plant decreased, there was an increase of 17% in 

consumption of electricity from the EEA. Between AY 15 and AY 16, consumption from the EEA 

decreased, and consumption from the Central Utility plant increased by 14%. Prior to AY 14, electricity 

consumption from both the Grid and the central utility plant was steadily decreasing.  

 

 
Figure 4. Electricity consumption vs. resulting carbon emissions  

 

Explaining the increased carbon emissions from AY14 to AY16 shown in Figure 4 requires 

consideration of two primary factors. The first is the increased demand and consumption of electricity 

and the second is the production efficiencies of the two campus electricity sources. 

 

A likely major cause of the increase in electricity consumption is the difference in average temperature 

that occurred between AY 14 and AY 16, as compared to previous years.  AY 15 had four months with 

average temperatures hotter than AY 14, with seven months with colder temperatures. AY 16 had eight 

months with hotter average temperatures than in AY 15, with two colder months. Thus, comparing AY 

14 and AY 16, nine months saw higher average temperatures. Most of the warmest months of the year 

(May to October) saw temperature increases, and these months are the highest-energy consuming months 

of the year, largely due to air conditioning. Therefore, it is logical to partially attribute the increase in 

energy consumption to the increased need for air conditioning during warm months (Weather 

Underground 2017).  

 

In addition to increased electricity consumption from AY 14 to AY 16, one must consider differing 

operating efficiencies of AUC’s two electricity providers: its own central utility plant and the EEA. The 

power plants that supply the EEA operate at a higher efficiency than AUC’s central utility plant; the likely 

reasons are economies of scale (utility scale vs. the modest generating capacity of AUC’s central utility 

plant) and a somewhat dirtier, but more efficient fuel mix at the power plants supplying the EEA. More 

efficient operation means that less fuel is needed to produce a kWh of electricity, which in turn translates 

into lower CO2e emissions per kWh of electricity consumed from the EEA.  
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To satisfy the increase in electricity consumption, AUC shifted consumption from the EEA to its own 

central utility plant in part to improve capacity utilization at its own plant, but also to benefit from the 

much lower price of electricity produced at its own plant compared to the price of electricity purchased 

from the EEA. 

 

Increased electricity consumption and differences in production efficiencies must be considered 

simultaneously to understand the causes of AUC’s recent increase in carbon emissions from HVAC. The 

relative consumption from AY 14 to AY 16 increased, from 31,186,200 kWh to 32,308,600 kWh. The 

distribution of electricity consumption from our two sources also changed from AY 14 to 16. In AY 14, 

we obtained 81% of our electricity from the on campus plant, and 19% from the EEA. In AY 15, it was 

approximately 77% from the central plant and 22% from the EEA. In AY 16, AUC consumed about 

86% from its plant and 14% from the EEA. Thus, there has been both an absolute increase in 

consumption, as well as a tendency towards increased reliance on our central utility plant, as illustrated in 

(Figure 3).  

 

In the base year, AY 12, the production efficiency of the EEA was 43.10%, and the onsite central utility 

plant’s was 37.03%. In AY 16, the EEA efficiency was 38.39%, according to the 2015 EEA Report, and 

the onsite plant’s was 34.14%. This means that in AY 16, producing one kWh of electricity emitted more 

carbon than producing one kWh of electricity in AY 12 (see Figure 5). 

 

 
Figure 5: Comparison of EEA and AUC Power Plant production efficiencies  

 

3.2.3. Methodology 

We calculated emission factors for the EEA and the AUC central utility plant using the methods shown 

in Appendix 4. 

 

Egyptian Electricity Authority 

Emission factors for the energy inputs used to generate electricity are required to calculate the EEA 

emission factor. Emission factors are recalculated on a yearly basis to account for fuel and/or efficiency 

changes. 
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In the Cairo Zone in AY 12, the fuel mix was 83.8% natural gas and 16.2% residual fuel oil (high-density 

fuel oil, also known as No. 5 and No. 6 fuel oil) (Egyptian Environmental Affairs Agency 2012). The fuel 

mix in AY 13 through AY 14 was 78.3% natural gas and 21.7% residual fuel oil. (Egyptian Environmental 

Affairs Agency 2014). In AY 15 and AY 16, the mix was 73.60% natural gas and 26.40% fuel oil 

(Egyptian Environmental Affairs Agency 2015). 

 

In AY 12, the efficiency of electricity production in the Cairo Zone was 43.1% (Egyptian Environmental 

Affairs Agency 2012). In AY 13 through AY 14, the efficiency of electricity production in the Cairo Zone 

was 41.19% (Egyptian Environmental Affairs Agency 2014). In AY 15 and 16, the efficiency of electricity 

production in the Cairo Zone was 38.39% (Egyptian Environmental Affairs Agency 2015). 

 

AUC Central Utility Plant 

The AUC plant uses 100% natural gas and produced electricity at an efficiency of 34.14% in AY 16. The 

plant produced electricity at an efficiency of 33.51% in AY 15, an efficiency of 33.99% in AY 14, an 

efficiency of 33.75% in AY 13 and an efficiency of 37.03% in AY 12.   

 

For calculating the emission factor for the central utility plant’s electricity, the formula in Appendix 4 

excludes residual fuel oil since the plant operates solely on natural gas. 

 

3.2.4. Data and Sources 

Data on electricity consumption was provided by AUC’s Office of Facilities and Operations based on 

monthly readings of AUC’s digital meters. 

 

3.2.5. Emission Factors3 

Source Mass Emissions (kgCO2e/kWh) 

Egyptian Electricity Authority (EEA) 0.5791 

Central Utility Plant (CUP) 0.5921 

                                                
3 See Appendix 4 for the calculation of these constructed values. 
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3.3. Chilled and Hot Water 

 

 
Figure 6. Emissions from chilled and hot water consumption.4 

*Note: Due to a malfunction in the hot water meters in April 2016, a statistical method was used to 

forecast missing data for April-July 2016 

 

3.3.1. Emissions 

In AY 16, the University emitted 7,291 MT CO2e due to the consumption of chilled water for air 
conditioning and the consumption of hot water for heating and domestic hot water. Of the total 
emissions, 5,982 MT CO2e (82%) can be attributed to consumption of chilled water and the remaining 
1,309 MT CO2e (18%) to the consumption of hot water.  AUC reduced its emissions from hot and 
chilled water consumption by 5% over the period AY 12 to AY 16.  
 
3.3.2. Emissions Avoided Through Co-Generation 
As discussed in Section 1.5, AUC’s central utility plant uses two gas-fired electricity generators to feed hot 
exhaust fumes to heat recovery boilers that produce hot water. In AY 16, approximately 40% of the hot 
water consumed was produced by co-generation and thus did not burn additional gas. This saved about 
3,500,000 kWh of heat energy and the associated 917.43 MT of CO2e emissions had the same amount of 
hot water been produced by conventional gas-fired boilers.  
 
3.3.3. Consumption  
In total, the University consumed energy equivalent to 25,710,664 kWh in AY 16 for chilled and hot 
water. Of the total, 20,719,302 kWh were attributable to chilled water, and the remaining 4,991,362 kWh 
to hot water. Between AY 12 and AY 16, energy consumption for chilled and hot water decreased by 
15.4%. 
 
3.3.4. Methodology 
We constructed emission factors for the production of chilled water by absorption chillers and hot water 
by gas-fired (conventional) boilers at the central utility plant (see Appendix 4 for calculations).  
 

                                                
4 Emissions reported here for AY 12 vary from those reported in the previous carbon footprint report as a result of a change in the method of 

calculating plant efficiency. 



20 

 

3.3.5. Data Sources 
We obtained data on chilled and hot water use from AUC’s Office of Facilities and Operations monthly 
meter readings. 
 
3.3.6. Emission Factors5 

Source Mass Emissions (kgCO2e/kWh)  

Hot Water Production (CUP) 0.2641 

Hot Water Production (Kahraba) 0.2242 

Chilled Water Production (CUP) 0.2887 

Auxiliary Electricity 0.5871 

 
 
4. TRANSPORTATION 

4.1. Summary  

As the second largest source of emissions, transportation activities at AUC resulted in approximately 

14,953 MT CO2e and as shown in Figure 1, transportation represents more than 30% of AUC’s carbon 

emissions in AY 16. The largest percentage of transportation emissions is attributable to daily commuting 

to campus, accounting for almost 3,000 MT CO2e. The remaining emissions are due to business air travel, 

with 1,168 MT, trips driven by AUC’s vehicle fleet, with 793 MT, and finally, sponsored field trips 

amounting to about 16 MT.  

 
   Figure 7. Total transportation emissions AY16 

Cairo is a sprawling city with neighborhoods stretching out for more than an hour in each direction from 

downtown. The New Cairo campus is located approximately 35 km from the center of the city, thus it is 

not surprising that approximately 26% of AUC’s total carbon footprint is attributable to commuting to 

the New Cairo campus.  

                                                
5 See Appendix 4 for the calculation methodology for these constructed values 
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To arrive at approximate emission data related to commuting, the Office of Sustainability worked with 

AUC’s Office of Data Analytics and Institutional Research (DAIR) to administer annual online 

transportation surveys. The data presented in this chapter comes from those surveys. More insight into 

the methodology can be found in Section 4.2.3.  

 

The second biggest source of transportation emissions, business air travel, refers to faculty and staff who 

fly to destinations around the globe for meetings, conferences and research. Business air travel accounted 

for 2.52% of AUC’s carbon footprint in AY 16.   

 

The University also operates a fleet of cars, vans, microbuses and light duty trucks for use by AUC 

personnel. The operation of the University fleet accounted for 1.7% of AUC’s carbon footprint in AY 16. 

Finally, the University sponsors student field trips for educational purposes (generally by bus to 

destinations within Egypt). In AY 16, these trips accounted for 0.03% of AUC’s carbon footprint.  

 

4.2. Commuting by Bus, Private Car and Carpooling 

 

4.2.1. Emissions 

In AY 16, commuting to and from the New Cairo campus by bus and car contributed an estimated 

12,976 MT CO2e of carbon emissions to AUC’s carbon footprint, which represents a 93% increase in 

emissions from AY 12 (see Figure 9). As it was in the 2015 Carbon Report, we cite the primary reason 

for the increase in emissions since AY 12 as being a pronounced shift from commuting by bus, a fuel-

efficient mode of transportation, to commuting by private car, which is neither fuel-efficient nor carbon-

efficient. 

 

Based on our surveys, AUC’s faculty, staff and students appear to be moving closer to the New Cairo 

campus. In March 2012, only about 12% of the respondents to AUC’s online transportation survey lived 

in New Cairo, the two localities closest to the New Cairo campus. However, according to the survey 

conducted in February 2016, approximately 23% of the respondents now live in New Cairo. This increase 

is positively correlated with the development of the surrounding New Cairo neighborhood. Further, 

according to the same survey, almost three-fourths of AUC faculty, staff and students now live in the six 

greater Cairo localities closest to the New Cairo campus (see Figure 8). On average, in order to reach the 

New Cairo campus and return home in the evening, AUCians traveled a daily average of 70 km in AY 16.  

 
Figure 8. Commuting routes and distances for the AUC Community.  
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AUC operates a bus service for AUC community members to reach the campus by way of 13 separate 

routes. Apart from this service, there is very limited public transportation connecting the New Cairo 

campus to Greater Cairo. At the time of writing, the only option is a city bus with limited times and low 

ridership. Most commuters who do not make use of the bus service reach the New Cairo campus by 

private car. 

 

In AY 16, about 45% of faculty, staff and students reported usually taking the bus to campus, compared 

to 57% in AY 15 and 68% in AY 12. Among students, only 37% reported taking the bus in AY 16, 

compared to 50% in AY 15 and nearly 80% in AY 12. This downward trend in bus commuting is 

positively correlated with an increase in private car commuting, approximately 51% of faculty, staff and 

students reported usually commuting to campus by car in AY 16, compared to only 30% in AY 12 and 

45% in AY 15. This represents an increase in car commuters of more than 20% and a decrease of bus 

ridership by 23% over four years.  

 

The trend away from commuting to campus by bus and towards personal car commuting has been 

sustained in the previous three online transportation surveys. The catalyst for this trend is most likely is 

the June 2014 cutbacks. In an effort to reduce the financial burden of maintaining the heavily subsidized 

university bus system, the number of routes was decreased from 16 to 13 and there were cuts in the 

frequency of buses and the hours of service. The increased incidence of AUCians living in the New Cairo 

area has further supported this shift. 

 

As was the case in previous reports, the total commuting emissions figure breaks down to three sources: 

full-size coach buses, microbuses and private cars. 

 

 
Figure 9. Emissions from commuting to and from AUC’s New Cairo campus. 

*Approximated number, explained in detail in section 4.2.3 

 

Bus service to and from campus for faculty, students and administrative staff accounted for 1,615,961 km 

traveled in AY 16. Emissions from this bus service are estimated to be 1,499 MT CO2e. Of the total, full-

size diesel coaches produced 841 MT CO2e with the remaining 658 MT CO2e produced by microbuses 

(see Figure 9).  
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Those commuting by private car drove an estimated 1,338,144 km in AY 16. The bulk of this figure, 

about 70%, was traveled by students. We estimated that emissions from private car commuting are 11,477 

MT CO2e, or 85% of all emissions attributable to commuting in AY 16 (see Figure 9). Of the private car 

commuting total, students account for 8,402 MT CO2e with the remaining 3,075 MT CO2e attributable 

to faculty and staff. 

 

Carpooling is a well-known method for reducing the number of cars on the road, air pollution and carbon 

emissions. It essentially enables one car to do the work of multiple cars. It also helps to reduce the traffic 

congestion that is ubiquitous in Greater Cairo. In late AY 12, the University adopted a policy of waiving 

on-campus parking fees for carpoolers. The same year, bus ridership was high and carpooling relatively 

low. Following the reduction of bus routes to campus in AY 14, the AUC community collectively moved 

away from commuting by bus and towards taking private cars to campus. Along with this came an 

increased incidence of carpooling in the same period. In analyzing the latest AY 16 data, it seems that 

carpooling rates have stabilized between AY 12 and AY 14 rates. The most recent academic year is 

marked by an increase in development of the surrounding neighborhood, with more of the AUC 

community living in New Cairo than ever before. While exact rates of carpooling are not available, we can 

make an informed estimate that carbon emissions from transportation would have been about 15% 

higher without the practice of carpooling.  

 

4.2.2. Methodology 

The AUC transportation website displays the 13 current bus routes on Google Maps and calculates trip 

lengths. The number of times each route was driven during each year was multiplied by the route’s trip 

length to estimate the annual kilometers traveled by full-size diesel coach buses and microbuses. These 

kilometer totals were then multiplied by the pertinent emission factors provided below.  

 

AUC’s Department of Transportation Services now collects bus trip data daily. This provides more 

accurate measurements of distances traveled. Even so, the results presented for AY 12 through AY 16 are 

estimates, since there are still some gaps in the data that require interpolation from known data. 

 

Total annual car commuting distances (in km) were adjusted for carpooling in accordance with survey 

responses and further adjusted for lower commuting populations during winter session, summer session 

and holidays. The adjusted kilometer totals were then multiplied by the pertinent emission factors 

provided in Section 4.2.5. 

 

4.2.3. Clarification of Private Car Methodology  

The portion of emissions attributable to commuting by private car is estimated with the help of a 

campus-wide transportation survey. The survey is administered by DAIR, and it asks voluntary 

participants about their methods of transport and routes taken to AUC’s New Cairo Campus.  

 

To obtain AY 12 and AY 13 data, the survey was administered in February 2012 and April 2012 

respectively. However, for various reasons, the Office of Sustainability was not able to administer a 

survey within the calendar parameters of AY 14, which concluded on August 31, 2014. A survey was 

done in September 2014 (technically AY 15), and its collected data was used as proxy data for AY 14. At 

time of writing the last full length Carbon Footprint Report, the research team deemed it acceptable to 

use proxy data because there were no significant enrollments or structural differences in transportation to 

campus. At that time, there were also not enough years of collected data to note a trend and accurately 

estimate private car commuting for AY 14 without a survey. 

 

Given that there are now two more years’ worth of data collection than the previous report, the current 

research team was able to approximate AY 14 private car commuting retroactively. We have accurate 

survey data for every academic year, excluding AY 14. Noting that the shift away from bus transportation 
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and towards private car commuting has been sustained since AY 12, the team assumed the percentage of 

emissions attributable to private cars in AY 14 would be greater than AY 13. To obtain a figure, we 

simply took the average between private car emissions in AY 13, which was 4,476 MT, and private car 

emissions in AY 15, which was 5,598 MT. 

 

Apart from the total figure, the data that was labelled as “AY 14” in the previous Carbon Footprint 

Report has been relabeled as “AY 15” for purposes of accurate comparison of recent trends in the 

current section.  

 

4.2.4. Data Sources 

Data on bus commuting was provided by the AUC Department of Transportation Services. Data on car 

commuting was acquired through online transportation surveys administered by DAIR.  

 

4.2.5. Emission Factors 

Source Mass Emissions (kgCO2e/km) 

Average Gasoline Vehicle (Car) 0.2408* 

Average Diesel Vehicle 

(Van/Microbus/Light Duty Truck) 

0.3696* 

Diesel Bus (Coach) 0.8854** 

*(EPA 2015) **(Catalan Office 2013) 
 
 
4.3. Air Travel 
 
4.3.1. Emissions 
Business air travel by faculty and staff totaled 17,992,554 passenger kilometers (pass. km) in AY 15, and 
11,846,053 pass. km resulting in AY16 with an estimated 1,750 MT CO2e emissions in AY 15 and 1,168 
MT CO2e in AY 16. Long haul air travel accounted for 77% (884 MT CO2e) of the total GHG 
emissions (see Figures 10 and 11). The decrease in air miles logged for business trips can be attributed to 
a combination of more stringent approval for business trips, budget constraints, and a switch to attending 
more local conferences in lieu of international ones. 
 

 
Figure 10. Short, medium and long haul business-related flights taken by the AUC Community. 

41%

21%

38%

AUC Business Flights by Type, AY 16

Long-Haul Trips

Medium-Haul Trips
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Figure 11. Comparison of CO2e emissions resulting from business air travel, AY 13 and AY 14.  
 
4.3.2. Methodology 
The University Travel Office coordinates business travel. All business flights booked through the travel 
office are compiled in a database. Only business (vs. personal) flights were examined. Flight distances 
were obtained preliminarily from third party travel agents, then verified against great circle routes. After 
determining the km traveled, each flight was classified for emission factor purposes by its length (short, 
medium or long haul) and its booking class (first, business or economy). For emission factor purposes, 
flights were subdivided into short haul (≤785 km), medium haul (between 785 km and 3,700 km) and 
long haul (≥3,700 km) the total km for each flight category was then multiplied by the pertinent 
emissions factor. 
 
4.3.3. Data Sources 
Data provided by the AUC Travel Office from third party providers. 
 
4.3.4. Emission Factors 

Source 
Mass Emissions (kgCO2e/passenger km)* 

Short Haul Medium Haul Long Haul 

First Class 0.15504 --  0.31837 

Business Class 0.15504 0.12560 0.23082 

Economy Class 0.15504 0.08373 0.07960 

*(DEFRA/DECCA 2016) 
 
4.4. University Fleet 
 
4.4.1. Emissions 
The University operates a fleet of 92 vehicles (64 gasoline cars, 28 diesel light duty vehicles), for 
transportation of University personnel and other daily operations. Emissions from the gasoline vehicle 
fleet are 399 MT CO2e; and from the diesel fleet 394 MT CO2e in AY 16 (see Figure 12). The total 
emissions from the University vehicle fleet in AY 16 are 793 MT CO2e. From AY 14 to AY 16, total 
fleet size decreased by 7%, but total emissions increased by 27% due to an increase in km travelled. The 
source of this increase is the University’s recent decision to use its own coach buses to transport 
community members between the New Cairo campus and the downtown Tahrir Square campus. At the 
time of the 2015 Report, the contracted bus company ran this route. 
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Figure 12. Emissions caused by AUC’s fleet of vehicles.6 
 
4.4.2. Methodology 
Emission factors were based on the types of vehicles and the liters of fuel consumed. For the gasoline 
vehicle fleet, an average emission factor for gasoline cars was used.  For the diesel fleet, made up almost 
entirely of microbuses, an average emission factor for diesel light duty trucks (vans) was used. Total 
amounts of fuel used were multiplied by their respective emission factors.  
 
4.4.3. Data Sources 
We obtained data for the University fleet from AUC’s Department of Transportation Services. 
 
4.4.4. Emission Factors 

Source 
Mass Emissions (kgCO2e/L of fuel 

used)* 

Average Gasoline Vehicle (Car) 2.3632 

Average Diesel Vehicle 

(Van/Microbus/Light Duty Truck) 
2.6832 

*(EPA 2014) 
 
4.5. Sponsored Field Trips 
 
4.5.1. Emissions 
AUC supports academic departments and student organizations in their efforts to take learning outside of 
the classroom and take field trips in the surrounding area. University sponsored field trips have increased 
steadily since AY 12, peaking in AY 14. In AY 16, field trips resulted in an estimated 18,233 km travelled 
by bus. Total emissions equaled approximately 16 MT CO2e. This reflects a 49% increase in the number 
of trips and represents a 12% decrease in emissions resulting from sponsored field trips between AY 12 
and AY 16. 7  
 

                                                
6 AY 12 is excluded from University Fleet because emissions calculations were based on kilometers traveled rather than liters of fuel used.  

7 Due to missing data, no information is available for AY 13. 
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4.5.2. Methodology 
Distances to destinations were estimated using Google Maps with the departure point assumed to be 
AUC’s New Cairo campus. Where the final destination was a city, distance was measured to the city 
center.  It was assumed that travel was by full-size bus using diesel fuel, since this is the most commonly 
used method of transportation for field trips. 
 
4.5.3. Data Sources 
We obtained data on field trips from the AUC’s Office of Safety and Security. 
 
4.5.4. Emission Factors 

Source Mass Emissions (kgCO2e/km traveled) 

Diesel Bus (Coach) 0.8854* 

*(Catalan Office 2013) 

5. NON-HVAC ELECTRICITY 
 
5.1 Summary 
 
As discussed in Section 3 and Appendix 2, it was estimated that 55% of electricity used on campus was 
used for HVAC in AY 16. This conclusion was based on tests conducted by the Office of Facilities and 
Operations. By shutting down all major HVAC equipment during working hours, we found that campus-
wide electricity demand was reduced by approximately 45%.  This number represents AUC’s non-HVAC 
electricity usage, that is, the remaining electricity used on campus primarily for lighting, office equipment, 
lab equipment, etc.  
 
We use the same HVAC (55%) and non-HVAC (45%) split for AY16.  The electricity used to power 
lighting, office equipment and other electrical equipment (non-HVAC) accounted for 19% of AUC’s 
carbon emissions in AY 16 (see Figure 1). 
 
5.2 Emissions 
 
In total, AUC emitted 19,111 MT CO2e from electricity use in AY 16, of which 8,600 MT CO2e resulted 
from the non-HVAC use of lighting and other electrical equipment (see Figure 13). For insight into the 
methodology, assumptions, and data sources that led to this figure, see Section 3.2. 
 

 
Figure 13. Non-HVAC electricity emissions  
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6. REFRIGERANTS 

 
6.1. Emissions 
The University uses two types of refrigerants for refrigerators and stand-alone air conditioning units: R22 
(HCFC-22), amounting to 364.5 kg in AY 16, and R407c, amounting to 90.4 kg in AY 16. Total emissions 
from refrigerants were 798 MT CO2e in AY 16. 
 
Between AY 12 and AY 16 emissions from refrigerants increased 41% as a result of increased 
maintenance activities and an increase in the number of stand-alone air conditioning units. More 
specifically, the campus has seen changes in space utilization, such as creation of new offices and the 
increased use of large rooms. This has necessitated the installation of additional stand-alone A.C units. 
 

 
Figure 14. Emissions from refrigerants R22 and R407c. 
 
6.2. Methodology 
The amounts of refrigerants lost to leakage or unintended releases were calculated by determining the 
amounts of refrigerants added to “top-up” the refrigerants. These amounts were then multiplied by the 
respective emissions factors. 
 
6.3. Data Sources 
We obtained information on refrigerants from AUC’s Office of Facilities and Operations.  
 
6.4. Emission Factors 

Source Mass Emissions (kgCO2e/kg) 

R22 1,810* 

R407c 1,774** 

*(IPCC 2014) **(DEFRA/DECC 2016) 

7. PAPER USE 
 
7.1. Emissions 
 
The University purchased an estimated 185,617 kg of paper products in AY 16. The emissions from 
paper purchases for the New Cairo campus total 520 MT CO2e (see Figure 15). This represents a 25% 
decrease in the emissions from paper from AY 12 to AY 16. In the years following AUC’s move to the 
New Cairo campus, paper consumption declined steadily from AY 12 to AY 15. 
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This decline can be attributed to a variety of changes, including the standardization of centralized printing 
stations, campaigning for double sided printing, and digitizing standard University paperwork processes. 
We now rely solely on the electronic versions of University policies, technical manuals, employee 
directories, and job postings. The increase in paper use from AY 15 to AY 16 is positively correlated with 
the increases of campus operations and energy consumption between the same periods. It is also likely 
due to a drop off in campaigning for efficient paper consumption and a lack of enforcement of paper 
conservation policies.  
 

 
Figure 15. Emissions from University paper use.  
 
7.2. Methodology 
The research team reviewed all paper purchase invoices, and weighed samples of each type of paper. 
More than 99% of the paper AUC purchases is uncoated, hence we decided to use the uncoated paper 
emission factor for all paper. None of the paper used at AUC is recycled in origin. 
 

7.3. Data Sources 

We obtained information on paper purchases from the Office of Supply Chain Management and Business 

Support, which maintains records of quantities and types of paper purchased. 

 

7.4. Emission Factors 

Source Mass Emissions (MT CO2e/MT of paper) 

Uncoated Paper 2.8* 

*(Environmental Paper Network 2016) 

 

8. WATER SUPPLY 

 

8.1. The Energy-Water Nexus 

The energy use and water supply at AUC are interconnected. The New Cairo campus is located on an 

elevated desert plain east of central Cairo. In order to supply domestic (drinking quality) water to AUC 

from the Ismailiya Canal northeast of Cairo, water must be purified and pumped across a distance of 

54.45 km up inclines totaling 308 m (Stahl & Ramadan 2008) (Chemonics Study).  
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On-campus water consumption is divided into three primary categories: the air conditioning (AC) cooling 

towers, landscaping irrigation, and building use. Reducing campus water consumption not only reduces 

overall energy consumption, but it also saves already scarce water. Intensifying local demand for a limited 

amount of water resources further creates a need for more efficient water usage and innovative reuse of 

wastewater.  

 

The two types of water that serve the AUC campus are domestic and treated. Domestic water is 

essentially drinkable water and it comes to the campus through the municipality infrastructure system. 

Treated wastewater refers to the municipally treated wastewater that is further treated when delivered to 

the on-campus treatment plant. It is exclusively used for the irrigation of campus landscaping.  

 

8.2. Emissions  

 

8.2.1. Overview 

In AY 16 the University consumed 107,324 m3 of water for the AC cooling towers, 148,135 m3 for use in 

buildings and 316,996 m3 for irrigation, for a total of 572,455 m3. The carbon emissions resulting from 

this consumption amount to 620 MT CO2e. Of this total, 145 MT CO2e or 23% can be attributed to the 

AC cooling towers, 201 MT CO2e or 32% can be attributed to consumption for domestic use in buildings 

and other uses, and the remaining 274 MT CO2e or 44% can be attributed to irrigation. 

 

 
Figure 16. Emissions distribution for water by type of water use. 

 

In the base year AY 12, total water emissions were 721 MT CO2e, while in AY 16, they were 620 MT 

CO2e, which is about a 14% reduction in cumulative emissions from AY 12 to AY 16. Water 

consumption during the same period only decreased by 4%. The decrease in emissions has outpaced the 

decrease in consumption, largely because of the substitution of treated wastewater for domestic water; as 

shown in Appendices 5 and 6. Less energy is needed to bring treated wastewater to the New Cairo 

campus than is needed to bring the equivalent amount of domestic water. 
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The University’s decision in AY 12 to use treated wastewater (a form of recycled water) to irrigate campus 

landscaping has resulted in savings of 18% in cumulative emissions from AY 12 to AY 16, compared to if 

we had continued to solely use domestic water for irrigation (see Section 8.3).  

 

Focusing on the most recent data, AUC’s water consumption increased from AY 14 to AY 16 by 15% 

due to the following reasons: 

● Increasing monthly and yearly average temperatures, which increases the need for air 

conditioning, increases the evaporation rate of water used for irrigation, and may increase the 

need for domestic drinking water. 

● Expansion of campus landscaping by about 10% 

● Longer campus operating hours 

● Higher occurrence of campus events, which increases the need for cleaning 

 

The increase in emissions between AY 14 and AY 16 was 15%, which is slightly lower than the 

consumption increase. This is due to the domestic/treated water split. As seen in (Figure 17), the 

proportion of emissions from domestic water source decreased from AY 12 to AY 14, and then remained 

steady before increasing between AY 15 and AY 16. The University’s facility management team chose to 

utilize more domestic water for irrigation in AY 16 due to a problem with the treated wastewater supply. 

Over the past two years, the treated wastewater supplied to campus has suffered some quality issues. As a 

result, the total amount of treated wastewater available for irrigation has been reduced. 

 

In AY 16, the domestic water accounted for approximately 52% of AUC’s water consumption and the 

remaining 48% was treated wastewater. The following chart describes the breakdown in the emissions 

resulting from both the treated wastewater and domestic water uses. Due to the decreased quality and 

reduced consumption of treated wastewater, emissions resulting from domestic water consumption 

increased by approximately 11%.   
 

 
Figure 17. Emissions from supplying domestic water and treated wastewater.  

 

8.2.2. Water for AC Cooling Towers 

The gas-driven chillers that produce chilled water for air conditioning generate heat that is partially 

wasted when it dissipates in the atmosphere. The waste heat is dissipated through a circulating water 

system that releases it from five cooling towers through evaporation.  
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The consumption of domestic water by cooling towers for air conditioning increases considerably during 

the hot summer months (May through October), exceeding at times 26% of the University’s total 

monthly water use (see Figure 18). We calculated carbon emissions resulting from the use of domestic 

water for the AC cooling towers by multiplying the volume of water consumed by the electricity required 

to bring each cubic meter of water to the New Cairo campus (see Section 8.3), then applying the emission 

factor (see Section 8.5) for electricity obtained from the Cairo grid. 

 

 
Figure 18. Proportion of water used for air conditioning (AC) cooling towers (of total monthly water 

consumption). 

 

8.3. Methodology for Calculating Carbon Emissions Attributable to Domestic Water Supply and 

Treated Wastewater Supply 

AUC has continued to improve management of its water supply since AY 12. Notable water efficiency 

initiatives include smart flushing technology across campus, low-flow showerheads, and more water-

efficient plants in campus landscaping. However, the most significant factor is use of treated wastewater 

for irrigation. Recycling water in this manner not only helps alleviate regional water scarcity but results in 

energy savings and fewer carbon emissions, due principally to a lower energy “pumping factor” for each 

cubic meter of treated wastewater compared to domestic water.  

 

Chemonics Egypt has contributed to AUC’s carbon footprint reports by mapping the domestic water 

supply route from the original source and analyzing energy consumption en route. Chemonics concluded 

that 2.55 kWh of electricity are required to bring each cubic meter of domestic water from the Ismailiya 

Canal to the New Cairo campus (see Appendix 5). After AUC switched to using treated wastewater for 

irrigation, Chemonics undertook a second study, this time of the New Cairo municipal wastewater 

treatment system, and determined that the energy needed to deliver treated wastewater to the New Cairo 

campus is only 1.49 kWh/m3 (see Appendix 6), a savings in energy consumption from that of domestic 

water of more than 40% and a comparable savings in carbon emissions.8 

 

                                                
8 The Chemonics Egypt studies of energy consumption for domestic water supply and treated wastewater supply were conducted in 2011 and 

2012 respectively.  
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The University has also improved its own water consumption data collection and management practices 

between AY 12 and AY 16. Yearly recalibration of the meters and the gradual switch to digital meters 

allows us to produce increasingly detailed monthly records of both domestic and treated wastewater 

consumption.  

 

8.4. Data Sources 
The total consumption of water by the University is based on water meter readings for all water used on 

campus, including water used for domestic consumption in buildings, landscaping, irrigation, and the 

cooling towers. We obtained energy consumption factors for water delivery to the New Cairo campus 

from Chemonics Egypt and data on University water consumption from AUC’s Office of Facilities and 

Operations.  

 

8.5. Emission Factors 

Source Mass Emissions (kg CO2e/kWh) 

Cairo Electrical Grid  0.5904* 

*(EEA 2014) 

9. SOLID WASTE DISPOSAL 
 
9.1. Emissions 
We estimate that the University produced 463 MT of solid waste in AY 16. As the only emission from 
solid waste is methane (CH4), this tonnage of waste would have resulted in emissions of 19 MT CH4 if 
landfilled. With methane’s global warming potential, an estimated 390 MT CO2e would have been emitted 
from solid waste disposal in AY 16 if the waste had simply been landfilled.   
 
However, the solid waste produced on campus is collected daily by the Zabaleen, the trash collecting 
community in Cairo.  Based on interviews with a representative of the Zabaleen and a representative of 
The Spirit of Youth Association (an Egyptian NGO that collaborates with the Zabaleen) (Ezzat 2012) and 
based as well on a review of the recent literature on recycling by the Zabaleen, we estimate that at least 
75% of all solid waste collected by the Zabaleen is recycled, not landfilled (Didero 2012; Kuppinger 2013; 
Kingsley 2014). Accordingly, AUC emitted 98 MT CO2e from solid waste disposal in AY 16, 
representing the 25% of solid waste produced by the University that was ultimately landfilled, not 
recycled.  
 
9.2. Methodology  
In order to estimate the tonnage of solid waste produced in AY 16, two one-week sampling assessments 

were conducted. Waste leaving campus was weighed every day for one week during a non-peak time 

(summer term) and during a peak time (fall semester). Solid waste tonnages were measured by weighing 

the trash trucks when loaded and when empty, then calculating the differences in weights.  

 

Throughout the year, and even throughout the week, there are days of low population density on campus 

(less than half the student body and fluctuating amounts of staff and faculty) and days of high population 

density (most students, staff, and faculty are present). Based on the University’s academic calendars and 

online transportation surveys, we estimate that the New Cairo campus is densely populated 30% of the 

time and lightly populated 70% of the time. This fluctuation causes variation in the amount of solid waste 

produced per day. To account for this difference, a yearly average was calculated.  
 

9.3. Data Sources 
Data on the amounts of solid waste produced was provided by AUC’s Office of Facilities and Operations 

and representatives from the Zabaleen community.  
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9.4. Emission Factors 

Source Mass Emissions (kgCO2e/MT)* 

Solid Waste (No CH4 Recovery, e.g. 

methane bio-gas production) 
842.1 

*(EPA 2015) 

10. NATURAL GAS FOR DOMESTIC AND LAB USE 
 
10.1. Emissions 
The total natural gas consumption for the New Cairo campus for domestic and lab use was 847,272 m3 in 
AY 16, up from 799,359 m3 in AY 15. The University emitted 1,777 MT CO2e from natural gas 
combustion in AY 16. In 2015, it emitted approximately 6% less than AY 16, or 1,883 MT CO2e. 
 
At the time of writing, we are unable to report natural gas consumption for AY 12, 13, or 14. Since the 
last report published in April 2015, we have realized that our estimates for campus natural gas 
consumption were overly conservative, thus the numbers published were too low. See Section 10.2 below 
for an explanation of how the present figures were determined.  
 
Natural gas serves several purposes on the New Cairo campus. One large consumer is the science labs, 
which have recently seen expansions in operating hours and in number of operating facilities. Another 
notable user is campus kitchens and food vendors. The new campus main food vendor now prepares all 
bakery items on campus, differing from the previous vendor who prepared them offsite. This has 
increased campus demand for the natural gas for kitchens appliance. There was also a new natural gas 
outlet added to the Visual Arts department’s decor studio. 
 
10.2. Methodology 
Natural gas is primarily used to power five main areas on the New Cairo campus: food outlets, laundry 
rooms, the main kitchen, Visual Arts studio, and School of Science and Engineering (SSE) labs. 
Currently, we only have four meters tracking these five areas. Consequently, we assumed the gas 
consumption of the SSE labs. Recent review of the data has led us to conclude that earlier estimates were 
too conservative, thus the gas consumption figures reported in the previous Carbon Footprint Reports 
were too low. The total natural gas figure reported in this chapter is a product of calculating the 
difference between total gas consumption on campus (as reported by the main natural gas meter) and the 
consumption used by the central utility plant. The difference represents the combined natural gas usage 
across the five described areas. 
 
10.3. Data Sources 
We obtained consumption data from AUC’s Office of Facilities and Operations.  
 
10.4 Emission Factors 

Source Mass Emissions (kgCO2e/ m3)* 

Natural Gas 2.2363 

*(DEFRA/DECC 2016) 
 

11. FERTILIZER 
 
11.1. Summary 
For its campus landscaping needs, AUC uses a mix of organic fertilizer (compost produced by the 
University on campus from landscape waste and some purchased) and purchased synthetic fertilizer. 
Synthetic fertilizer is responsible for higher carbon emissions because of its higher nitrogen content. 
Compost has three advantages: (1) lower carbon emissions when used as fertilizer, (2) sequestration of 
carbon emissions that would have resulted from landscape waste if the organic waste decayed naturally 
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(see Section 12); and (3) improvement of soil quality by increasing water retention, thus reducing the need 
for irrigation water and reducing the carbon emissions associated with supplying irrigation water (see 
Section 8). 

11.2. Emissions 

In AY 16, AUC used 6.28 metric tons of solid synthetic fertilizers and 2,105 liters of liquid synthetic 

fertilizers with nitrogen contents ranging from 19% to 46%, and 150 metric tons of organic fertilizer 

(produced and purchased compost) with a nitrogen content of 0.70%. We calculated that emissions from 

solid and liquid synthetic fertilizers totaled 9.2 MT CO2e in AY 16 and from organic fertilizer (produced 

and purchased compost) 4.5 MT CO2e. In total, 14 MT CO2e were emitted as a result of fertilizer 

application on the New Cairo campus (see Figure 19). The decrease from both AY 12 and AY 14 is due 

to an increased use of organic fertilizer, i.e. compost. As shown in the below figure, the split between 

organic and synthetic fertilizer has changed to include more organic fertilizer than in previous years. 

 

 
Figure 19. Emissions from the application of synthetic and organic fertilizers. 

11.3. Methodology 

The amounts of synthetic fertilizer and organic fertilizer (compost) used were multiplied by their 

respective percentages of nitrogen to obtain the amounts of nitrogen applied. In the cases of nitric and 

humic acid liquid fertilizers, the nitrogen density of the solution was multiplied by the volume applied. 

The amounts of nitrogen applied were then multiplied by the conversion factor below in order to 

determine the amounts of nitrous oxide (N2O, a greenhouse gas) emitted. Finally, the amount of N2O 

emissions from each source was multiplied by 310, the global warming potential (GWP) of nitrous oxide, 

to determine the CO2e emissions.  

 

11.4. Emissions Savings from Compost Use 

In AY 16, the University’s use of compost resulted in the sequestration of approximately 72 MT of CO2e 

through carbon soil storage. The University produced and used 150 tons of compost on campus to create 

a soil carbon sink for 69 MT CO2e, and then purchased an additional 11 tons of compost to account for 

the remaining 3 MT CO2e of soil carbon storage. “Displaced Synthetic Fertilizer” in Section 11.6 refers to 

emissions avoided by using organic compost instead of synthetic fertilizers (Hermann et al. 2011). 
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11.5. Data Sources 

Data on synthetic and organic fertilizer use was obtained from the Office of Facilities and Operations. 

The nitrogen content of both the synthetic fertilizers and the purchased compost was taken from 

information provided on the packages. The nitrogen content of organic fertilizer produced from 

landscaping waste on campus was determined by the Facilities and Operations team through laboratory 

testing. 

11.6. Emission and Other Relevant Factors 

Source Conversion Factor  

Synthetic/Organic Fertilizer  Default Value: 0.01 kg N2O/kg N* 

Uncertainty range: 0.003 - 0.03 

Displaced Synthetic Fertilizer 260** 

*(Smith 2017) **(Hermann et al. 2011) 

 

12. LANDSCAPING AND COMPOSTING AS CARBON OFFSETS 
 
12.1. Summary  
Carbon sequestration is the capture and removal of carbon dioxide from the atmosphere in a stable, long-

term reservoir and is a direct offset of other carbon emissions. “Direct offset” means that sequestered 

carbon may be subtracted from the CO2e total in calculating carbon footprints ("Glossary of Climate 

Change Acronyms and Terms” 2014). In this report, a total of 232 MT CO2e has been subtracted from 

the CO2e total in calculating AUC’s carbon footprint for AY 16. 

The landscaping features on AUC’s campus store and sequester CO2 from the atmosphere through 

photosynthesis, and soil storage properties. The landscaping team also works to avoid carbon emissions 

by composting landscaping waste such as pruned tree branches and grass cuttings. If a plant is allowed to 

decompose naturally (anaerobically), some of the carbon sequestered by the plant through photosynthesis 

will be released back into the atmosphere. This release can be avoided through the carbon capture 

technique of aerobic composting. 9 

12.2. Emissions Sequestered from Landscaping  

For AY 16, we estimated that the landscaping on the New Cairo campus sequestered 95 CO2e from the 

atmosphere. Of this total, 74 MT CO2e were sequestered by campus trees and 21 MT CO2e were 

sequestered by ground cover including grass and shrubs (see Figure 20). Between AY 12 and AY 16, 

carbon sequestration from landscaping increased by 25%. This increase can be attributed to the recent 

completion of the landscaping master plan, as well as an increased use of green fences. 

                                                
9 When organic waste such as pruned tree branches and grass cuttings is left in place to decompose naturally, it decomposes anaerobically 

(without oxygen) and produces greenhouse gases. Creating compost from organic waste provides a way for the waste to decompose aerobically, 
as compost piles are turned and aerated, thereby sequestering carbon and reducing the greenhouse gases that otherwise would have been emitted. 
(Hermann 2011). 
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Figure 20. Emissions offsets from carbon sequestration by campus landscaping. 

12.3. Methodology for Landscaping 

The Landscape Unit of the Facilities and Operations Office estimates that there are 7,370 trees planted 

on campus, of which 1,073 are date palms (Phoenix dactylifera). The remaining 6,297 trees are comprised of 

a variety of species, with Valencia orange trees (Citrus sinensis) making up the majority. Therefore, we 

assumed that all of the remaining 7,038 trees were valencia orange trees. Additionally, there are 

approximately 18 acres of ground cover on the campus.  

To obtain the amount of carbon emissions sequester, the tree quantities were multiplied by the 

corresponding emissions offsets rates in Section 12.8. The amount of ground cover was also multiplied 

by the pertinent emissions offsets rate in Section 12.8 to result in the carbon emissions sequestered by 

landscaping ground cover.  

12.4. Data Sources 

The rate of carbon sequestration by date palms was obtained from a USDA Forest Service urban tree 

carbon calculator (USDA 2013) and the rate of sequestration by orange trees was taken from a 2012 study 

on the sequestration potential of tree plantations (Kongsager et al 2012).  All data regarding landscaping 

and composting at AUC’s New Cairo campus was provided by the Landscape Unit of the Office of 

Facilities and Operations. 

12.5. Carbon Sequestration through Composting 

Aerobic composting captures carbon from organic matter that would otherwise decompose without 

oxygen (anaerobically) and release previously sequestered carbon into the atmosphere. Mixing compost 

with the soil completes the carbon sequestration process and is commonly known as “soil storage.”10 

The total emissions avoided by the use of compost were calculated by multiplying the amount of 

University-produced and deployed compost by the appropriate factors in Section 12.8.  

12.6. Data Sources 

All data for landscaping and composting at AUC’s New Cairo campus was provided by the Landscaping 

Unit of the Facilities and Operations Office. 

 

                                                
10 This factor only applies to compost produced by the University, however, because the sequestering of emissions during the production of 

commercial compost, though real, is not directly attributable to the University. 
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12.7. Total Emissions Sequestered from Landscaping and Composting  

AY 16’s total of 232 MT CO2e of sequestered carbon from landscaping and composting is a 107% 

increase from AY 12. The increase in sequestered carbon between AY 12 and AY 16 is largely attributable 

to the planting of more trees and ground cover on campus and to an increased use of compost.11  

 

 
Figure 21. Total emissions offset from landscaping and composting. 

12.8. Sequestration Factors 

Landscaping 

Source Annual Emissions Offsets (kg CO2e/Unit) 

Date Palm 6.3/tree* 

Valencia Orange 10.7/tree** 

Groundcover 1,172/acre* 

*(USDA 2012) **(Kongsager et al. 2012) 
 
Composting 

Source Annual Emissions Offsets (kg CO2e/MT 

compost)*** 

Soil Storage through Composting 240 

Compost Transportation and Production - 40 

***(U.S. EPA  2015) 

 

 

                                                
11 While the University’s landscaping sequesters some carbon from the atmosphere, the considerable energy costs associated with the planting, 

maintenance and irrigation of campus trees and ground cover in a desert environment most likely result in net positive emissions from this 
sector.  
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13. AUC’S ENERGY USE INTENSITY (EUI) AND CARBON EMISSIONS/FTE SUTDENT 

COMPARED TO AMERICAN UNIVERSITIES IN SIMILAR CLIMATES 

 

13.1. AUC’s Energy Use Intensity (EUI) Compared to American Universities in Similar Climates 

As is generally the case with university carbon footprints, campus energy consumption is the main 

determinant of AUC’s carbon footprint. To benchmark our findings, we compared AUC’s energy use 

intensity (EUI), a widely used measure of energy performance, to the EUIs of eight American universities 

that operate in similar climates. 

 

EUI is the measurement of an institution’s annual energy consumption (in the United States, often 

expressed in million British Thermal Units [MMBTU’s]) as a function of its size (in the U.S., usually 

measured in gross square feet). EUI is particularly useful for comparing the energy performance of 

functionally similar institutions (Office of Energy Efficiency 2017). 

 

As noted above in Figure 1 and Section 3.1, in AUC’s case about 40% of the University’s AY 16 carbon 

emissions are attributable to HVAC and domestic hot water. Moreover, air conditioning is AUC’s single 

largest sector of energy consumption and one of its biggest sources of carbon emissions. 

 

Accordingly, for purposes of EUI comparisons we focused on institutions operating in hot dry climates 

similar to New Cairo’s. The eight institutions used for comparison to AUC’s are shown in Figure 22 

below are all located in IECC/ASHR climate zones 2B or 3B, the “hot-dry” U.S. climate zones most 

similar to Cairo’s climate (IECC and ASHRAE 2015).  

 

The energy consumption and gross square footage of each institution compared to AUC in Figure 22 is 

taken from its most recent report to the American College and University Presidents’ Climate 

Commitment. The energy consumption and gross square footage of AUC in AY 16 were obtained from 

AUC’s Office of Facilities and Operations. 

 

 
Figure 22: Energy Use Intensity (EUI) of Universities in Hot-Dry Climates as of AY 16. 
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13.2. Carbon Emissions per FTE Student 

Another useful way to compare AUC to other universities is by carbon emissions per Full-Time 

Equivalent (FTE) student.  Again, the most germane comparison is to universities operating in similar 

climate zones. 

 

Accordingly, Table 2 compares AUC to the same eight institutions located in hot-dry U.S. climate zones, 

but on the basis of carbon emissions per FTE student. The energy consumption and student enrollment 

of each institution compared to AUC in Table 2 is taken from its most recent report to the American 

College and University Presidents’ Climate Commitment. The energy consumption and student 

enrollment of AUC in AY 16 were obtained from AUC’s Office of Facilities and Operations and Office 

of Data Analytics and Institutional Research (DAIR), respectively. 

  

Institution 
Latest Report 

Year 
Total 

Enrollment 
Total Emissions 

(MTCO2e) 
Total Emissions 
(MTCO2e)/FTE 

Arizona State 
University 2015 81,096 306,754 3.8 

Loyola Marymount - 
Los Angeles 2015 8,050 20,499 2.5 

The American 
University in Cairo 2016 5,997 46,282 7.7 

University of 
California - Irvine 2014 28,602 161,682 5.7 

University of Arizona 
- Tucson 2015 42,388 232,296 5.5 

University of 
California - San Diego 2013 29,517 260,047 8.8 

University of 
California - Los 

Angeles 2013 42,190 382,529 9.1 

University of 
California - Davis 2013 28,208 267,169 9.5 

Pomona College 
(California) 2015 1,629 17,042 10.5 

 

Table 2:  Rankings of selected institutions of higher education by greenhouse gas emissions per full time 

equivalent student. Figures represent net emissions reflecting carbon offsets (Second Nature 2017).  
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Box 4: Recommendations 
 
1. Heating, Ventilation, and Air Conditioning (HVAC) 

● Install 350 kilowatts to 1 megawatt of solar photovoltaic capacity to substitute emission-
free renewable energy for conventionally-produced electricity during periods of peak 
electricity demand (which largely coincide with periods of peak demand for air 
conditioning). 

● Install rooftop solar hot water systems at campus dormitories to heat water for domestic 
use. 

● Consider different set points for cooling and heating of classrooms, auditoriums, data 
centers and sports facilities. 

● Study the feasibility of designating one work day per week without air conditioning for 
specific spaces on campus. 

● Shut off central AC on days with favorable temperature and outdoor air quality. 
2. Transportation  

● Expand bus times and routes available, and incentivize students, faculty and staff to 
commute by bus rather than private car.  

● Further encourage carpooling by creating preferred parking areas for carpoolers.  
● Consider converting the University’s own transportation fleet and its commuter buses from 

diesel and gasoline to electrically powered by clean energy or natural gas, a more carbon-
efficient fuel, or to alternative fuels such as biofuels produced from agricultural waste.  

● Further encourage faculty, staff and students to live closer to the New Cairo campus to 
reduce the need for commuting and to reduce commuting distances.  

● Consider designating one day each week a no private cars/cars day.  
● Consolidate bus service for security and Facilities and Operations. 
● Adapt ridership routes to favored bus routes and times.  
● Develop an “AUC Transportation app” to create a carpooling network and include an 

interactive bus schedule/map.  
● Campaign vigorously for a New Cairo metro station.  
● Offer free bus tickets as a reward for high GPAs or good performance at work.  

3. Lighting and Electrical Equipment 
● Raise awareness among occupants of private offices to turn off lights, computers and other 

equipment at night and on weekends. 
● Convert indoor lighting to LED lamps and outdoor lighting to LED lamps or solar-

powered lighting. 
● Install motion sensors in all corridors 
● Develop a policy in coordination with University administration for further or forced 

shutoff of unused office equipment and lights.   
● Develop an incentive system that rewards buildings that use the least amount of electricity. 
● Shift more of our energy sourcing to the more carbon efficient provider.  
● Install a 10-15KW solar charging station for electric cars.  
● Use natural gas only as needed for research and lab use.  

 

14. RECOMMENDATIONS FOR REDUCING AUC’S CARBON FOOTPRINT 

 

14.1 Recommendations  

The forty recommendations in Box 4 are ideas to implement to reduce AUC’s carbon footprint. They 

address the most significant components of AUC’s Carbon Footprint, in descending order of emissions. 

This list is the product of group brainstorming by a team of engineers and facility operators who track 

energy and water consumption on a monthly basis. A number of the measures recommended in Carbon 

Footprint 2.0 & 3.0 have been implemented and thus have been deleted from the list of 

recommendations. Finally, we will continue to look for ways to improve our data collection, data analysis 

and methodologies in preparing our next carbon footprint report. 
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14.2 AUC Emissions Forecast 

Egypt is getting warmer. From 1961 to 2000, the mean maximum air temperature increased 0.34° 

C/decade, while the mean minimum air temperature increased 0.31° C/decade (EEAA, 2010a). Our 

AUC emissions are influenced by two major factors: climate change and steadily increasing campus 

utilization. The past five years of carbon emissions tracking show us a steady decline in emissions until 

the end of AY 14.  We attribute this to the decrease in the student population, frequent campus closure 

days and the overall unstable country conditions following the January 25th, 2011 and June 30th, 2013 

revolutions. As a result of an improving conditions and campus enrollment, a steady emission increase 

can be seen starting in AY 15, with a sharp increase seen in AY 16.  Comparing the most recent data to 

AY 12 (the base year), emissions reductions were observed in many categories, but the transportation 

categories saw significant increases.  

 

The following Emissions Forecasting chart 2012-2030 shows the measured emissions (AY 2012 to 2016) and 

the projected emissions to AY 2030. In our projection we assumed a “Do Nothing” scenario to act as 

baseline for a future four scenarios. These four scenarios take into account the implementation of several 

of the above mentioned recommendations (see Box 4).  

Box 4 continued.  
 
4. Refrigerants 

● Explore using more environmentally-friendly refrigerants. 
● Increase the use of non-chlorofluorocarbon (CFC) compliant refrigerants by phasing out 

from the traditional use of the refrigerant (R22) and exclusively use (R410 A) or similar, 

which is more environmentally friendly. 

5. Paper Use 
● Adopt a campus wide two-sided printing and copying policy as the “default option,” 

and move towards entirely paperless operation by phasing out the use of hard copies. 
● Find local sources of affordable, high-quality recycled paper to reduce the net carbon 

footprint of purchased paper.  
6. Water Supply 

● Reduce consumption of domestic water for air-conditioning. 
● Determine the minimum amount of treated wastewater needed for irrigation.  
● Increase the use of drought resistant and salt resistant grasses, plants, shrubs and trees 

for campus landscaping. 
● Install infrared faucets (automatic) and low flow shower heads throughout campus. 
● Use treated water for power wash cleaning. 
● Investigate engineering solutions to increase the use of greywater for flushing. 

7. Natural Gas 
● Retain food vendors with minimum use of natural gas for food preparation.  
● Use natural gas only as needed for research and lab use.  

8. Waste 
● Increase campus composting (pre and post-consumer). 
● Add sorting stations and an efficient campus compactor. 

 
Campus-wide general recommendations: 

● Circulate weekly sustainability awareness tips using email and phone messaging. 
● Hold an annual competition to reward the lowest emitting groups and to announce the 

highest emitting.  
● Form a sustainability student team to patrol campus and target high emitters (emission 

police).  
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Note that the year 2030 coincides with Egypt’s Sustainable Development Strategy 2030 and the global 

designation of the year 2030 to cut carbon emissions significantly or achieve carbon neutrality in 

countries with different reduction targets (Architecture 360). In addition, the emission projections shown 

below are built on the assumption of a moderate escalation in the planet temperature according to the 

scientific forecasting method called RCP 4.5. RCP 4.5 was developed by the GCAM modeling team at the 

Pacific Northwest National Laboratory’s Joint Global Change Research Institute (JGCRI) in the United 

States. It is a stabilization scenario in which total radiative forcing is stabilized shortly after 2100, without 

overshooting the long-run radiative forcing target level (Thomson et. al 2011). The following emissions 

forecasting chart shows four possible emissions reduction scenarios, which are described in Box 5.  

 

 
Figure 23. Emission Reduction Scenarios  

 

Note: The projected figures are based on estimated figures by the Carbon Footprint team for the purpose 

of discussion of alternatives in this document and should be further validated if used or referenced in 

other research. 

 

Box 5. Emission Reduction Scenarios Description 

Scenario Number Description 
Do nothing Assumes business as usual operations, continuing 

at the same rate of emissions increase until 2030 

1 Invest and implement a 1 MW Solar plant. 
Expected emissions reductions: 10-20% 

2 Increase car-pooling and building level efficiencies 
Expected emissions reductions: 5-10%, in addition 
to Scenario 1 

3 Replace current University bus and car fleet with 
hybrid or electrically operated vehicles 
Expected emissions reductions: 20-25%, in 
addition to Scenarios 1 and 2 

4 Source power from cleaner energy sources such as 
offsite wind farms, solar or other alternatives. 
Expected emissions reductions: 20-25%, in 
addition to Scenarios 1, 2, and 3 
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Appendix 1: New Cairo Campus and Map of Greater Cairo 

 

1a. New Cairo Campus, Aerial Photo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1b. Map of Greater Cairo 
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Appendix 2: Description of the Central Utility Plant (CUP) 

 

 

Figure 24: Schematic Diagram of the Central Utility Plant on the AUC campus. 

 

Chilled Water for Air Conditioning 

  

The central utility plant produces all of the chilled water used for air conditioning campus buildings, all of 

the hot water used for heating, most of the domestic hot water and most of the electricity on campus. (A 

few areas, such as the library’s rare books section, use stand-alone air- conditioning AC units.) Chilled 

water is produced by five absorption chillers, shown in Figure 23, which use natural gas as their fuel. 

Waste heat produced by the condensers in the absorption chillers are released through evaporation of 

water from five cooling towers shown adjacent to the absorption chillers in Figure 23. The cooling 

towers are shown in Figure 24 below. 

  

Chilled water pumps (shown in Figure 19) circulate the chilled water to 150 air-handling units (AHUs) 

throughout the campus. The AHUs cool the air using the chilled water which passes through the AHUs 

cooling coils. The cold air is then circulated to air-conditioned zones by more than 1,200 variable air 

volume (VAV) units. 
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Figure 25: Cooling towers at AUC’s central utility plant 

 

  

Hot Water for Heating and Domestic Hot Water 

  

All of the hot water for heating the campus, and much of the domestic hot water used on campus, is 

produced at the central utility plant. In locations where demand for domestic hot water is relatively low, 

such as restrooms in campus office buildings, hot water is supplied by electric hot water heaters. 

  

Three conventional boilers (shown in red in Figure 23) and two heat recovery boilers produce hot water 

for heating and for domestic hot water. The three conventional boilers heat water by burning natural gas. 

The heat recovery boilers, by contrast, heat water by using hot exhaust fumes from two of the generators. 

This is a process known as “co-generation” and is explained below and in Section 3.2.2. Hot water 

produced by the gas-fired boilers and the heat recovery boilers is circulated to individual facilities 

throughout the campus by electric pumps, then converted to hot air for heating or used for domestic hot 

water. 

  

Electricity – Principal Uses 

  

It is estimated that 55% of all electricity used on campus in AY 16 was used for HVAC. This conclusion 

is based on tests conducted by the Office of Facilities and Operations, which found that shutting down 

all major HVAC equipment during working hours, reduced campus-wide electricity demand by 

approximately 45%. 

  

Electricity used for HVAC drives pumps that circulate chilled water and hot water throughout the 

campus for air conditioning, heating, and domestic hot water. Electricity also powers AHUs, VAV units, 

fans, and other HVAC equipment that is part of the HVAC system. The remaining electricity used on 

campus is used primarily for lighting, office equipment, lab equipment and the like. 
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Electricity – From Two Sources 

  

86% of the electricity used on campus in AY 16 was produced by four gas-fired generators located in the 

area shown in Figure 23. As noted above, two of the four generators feed their exhaust fumes to heat 

recovery boilers for co-generation, a process explained more fully below and in Section 3.2.2. The 

remaining 14% of the electricity used on campus in AY 16 was obtained from EEA, the public utility. 

The precise mix of electric power drawn from the on-site electricity generators and electric power drawn 

from the public utility depends on the demand for electricity on campus, the electricity available from 

each source when needed, and the cost per kilowatt-hour from each source. The electric switchgear 

referenced in Figure 23 allows technicians to adjust the precise amount of electric power drawn from 

each source. 

  

Co-Generation 

Co-generation is the design, construction, and operation of a power plant to generate electricity and to 

recapture waste heat that can be used elsewhere to produce hot water for heating and domestic hot water. 

The main benefits of co-generation are reduced fuel consumption, reduced energy costs and reduced 

carbon emissions compared to using conventional (e.g. gas-fired) boilers to produce hot water. 

  

As discussed in Sections 1.5 and 3.3.2 of this Report, at AUC’s central utility plant two of the four gas-

fired electricity generators feed hot exhaust fumes to heat recovery boilers that produce hot water for 

heating and domestic hot water. As a consequence, AUC’s carbon footprint in AY 16 was approximately 

2% smaller than it would have been without co-generation. 

  

Central Utilities Plant Systems Inputs and Outputs 

 

 
Figure 26: Diagram of inputs and outputs at AUC’s central utilities plant. 
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Appendix 3: Differences in Emissions from AY 12 to AY 16 Using AY 16 Methodologies 

 

Figure 27: Total Carbon Footprints AY 12 to AY 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AY 12 % AY 13 % AY 14 % AY 15 % AY16 %

Energy for HVAC and Domestic Hot Water 20,432.0 49.8% 16,925.0 45% 15,831.2 43.6% 16,782.0 39.2% 18,627.0 40.23%

Electricity for HVAC 10,896.0 26.5% 10,732.0 28% 9,994.2 27.6% 10,143.0 23.7% 10,511.0 22.70%

Energy for Chilling and Heating Water 9,536.0 23.2% 6,193.0 16% 5,857.0 16.1% 6,639.0 15.5% 7,291.0 15.75%

Electricity for Lighting and Equip (Non-HVAC) 9,881.0 24.1% 8,781    23% 8,177.0 22.5% 8,291.0 19.4% 8,600.0 18.57%

Transportation 8,197.0 20.0% 9,933    26% 10,363.1 28.6% 15,523.1 36.3% 14,953.0 32.30%

Commuting by Car 4,889.0 11.9% 4,818    13% 5,597.7 15.4% 11,477.4 26.8% 11,477.0 24.79%

Air Travel 879.0 2.1% 2,387    6% 2,281.0 6.3% 1,750.0 4.1% 1,168.0 2.52%

Commuting by Bus 1,825.0 4.4% 2,089    6% 1,785.8 4.9% 1,640.2 3.8% 1,499.0 3.24%

University Fleet 586.0 1.4% 592        2% 623.7 1.7% 638.0 1.5% 793.0 1.71%

Sponsored Trips 18.0 0.0% 47           0% 74.9 0.2% 17.5 0.041% 16.0 0.03%

Paper Use 691.0 1.7% 599        2% 544.4 1.5% 473.0 1.1% 520.0 1.12%

Water Supply 721.0 1.8% 620        2% 540.2 1.5% 559.0 1.3% 620.0 1.34%

Consumption by Buildings/Irrigation 587.0 1.4% 493        1% 412.0 1.1% 415.0 1.0% 474.0 1.02%

Consumption by HVAC 134.0 0.3% 127        0% 128.2 0.4% 144.0 0.3% 145.0 0.31%

Refrigerants 565.0 1.4% 430        1% 639.8 1.8% 869.0 2.0% 798.0 1.72%

Solid Waste Disposal 517.0 1.3% 512        1% 129.25 0.4% 275.41 0.6% 390.0 0.84%

Natural Gas for Domestic and Lab Use 43.5 0.1% 35           0% 31.2 0.09% 23.5 0.05% 1,777.0 3.84%

Fertilizers 15.9 0.0% 17           0% 16.24 0.04% 12.00 0.03% 14.0 0.03%

Total 41,063.44 100% 37,851.8 100% 36,272.45 100.0% 42,808.0 100.0% 46,299.00 100.0%

(-161 from Offsets)(-112 from Offsets)(-193 from Offsets)(-170 from Offsets) (-144 from Offsets)
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Appendix 4: Emission Factor Calculations 

Base Factors 

Natural Gas (NG) Emission Factors (IPCC 2010): 

   GWP   

EF NG_CO2= 0.202 kg CO2/kWh X 1 = 0.2020 kg CO2e/kWh 

EF NG_CH4= 3.60E-06 kg CH4/kWh X 21 = 7.56E-05 kg CO2e/kWh 

   EF NG_N2O= 3.6E-07 kg N2O/kWh X 310   = 0.00011 kg CO2e/kWh 

EF NG_CO2e=      0.2021 kg CO2e/kWh 

Residual Fuel (High-Density Fuel Oil) Emission Factors (IPCC 2010): 

   GWP   

EF HFO_CO2= 0.2786 kg CO2/kWh X 1 = 0.2786 kg CO2e/kWh 

EF HFO_CH4= 1.08E-05 kg CH4/kWh X 21 = 0.00023 kg CO2e/kWh 

EF HFO_N2O= 2.16E-06 kg N2O/kWh X 310 = 0.00067 kg CO2e/kWh 

EF HFO_CO2e=     0.2795 kg CO2e/kWh 

 

 Calculating the Cairo Electric Grid (EEA) Emission Factor 

 

EFCairo Grid = 
  (Emission FactorNG_CO2e x %Natural Gas) + (EmissioFactorHFO_CO2ex%HFO) 

Production Efficiency 

 

Cairo Electric Grid (EEA)      

  2012 2013 2014 2015 2016 

Efficiency of Electricity Production 43.10% 41.19% 41.19% 38.3% 38.3% 

Fuel Mix:           

Natural Gas 83.80% 78.30% 78.30% 73.6% 73.6% 

HFO 16.20% 21.70% 21.70% 26.4% 26.4% 

Emission Factor Cairo Grid 0.4981 0.5315 0.5315 0.5791 0.5791 
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Calculating the Central Utility Plant (CUP) Emission Factor 

 

EFCUP= 

(Emission FactorNG_CO2e x %Natural Gas) 

Production Efficiency 

 

  2012 2013 2014 2015 2016 

Efficiency of Electricity Production 37.03% 33.75% 33.99% 33.5% 34.1% 

Fuel Mix:           

Natural Gas 100% 100% 100% 100% 100% 

HFO 0% 0% 0% 0% 0% 

Emission Factor_CUP 0.5459 0.599 0.5947 0.6031 0.5921 

 

  

Calculating the Central Utility Plant (CUP) Electricity Emission Factors 

 

System Production EFHot Water= 

(EFCO2e_NG x % Natural Gas)    

Efficiency of Production    

   

 

System Production EFChilled Water= 

(EFCO2e_NG x % Natural Gas)    

Efficiency of Production    

EFAuxiliary= (% CUP Elec. of Total x EFCUP) + (% Cairo Grid Elect. of Total x EFCairo Grid) 
 

 

 

 2012 2013 2014 2015 2016 

Fuel Mix:           

Natural Gas 100% 100% 100% 100% 100% 

HFO 0% 0% 0% 0 0 

Efficiency of Hot Water Production (GasCool) 84.55% 83.27% 82.70% 79.1 76.55 

Emission Factor GasCool HW 0.2391 0.2428 0.2444 0.2554 0.2641 

Efficiency of Hot Water Production (Kahraba) 90.38% 89.70% 90.31% 91% 90.17% 

Emission Factor Kahraba HW 0.2237 0.2254 0.2238 0.2200 0.2242 

Efficiency of Chilled Water Production (GasCool) 77.90% 77.28% 76.77% 73.66 70.02 

Emission Factor GasCool CW 0.2595 0.2616 0.2633 0.2742 0.2887 

Emission Factor Auxiliary Electricity 0.5363 0.5907 0.5827 0.5979 0.5871 
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Appendix 5: Domestic Water Supply Delivery Path and Energy Calculation Example 

 

 

 

Link from P.S(4)  to  P.S(5), D1200 mm 
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Appendix 6: Treated Wastewater Supply Delivery Path and Energy Calculation Example 
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Energy Calculations: 

 

The following expression is a simple units’ conversion to calculate the pumping energy in kilowatt hours 

after incorporating the efficiency and power factors: 

Energy in Kilowatt hours/m3= (kg/m3)*1(m3)*Pressure Head (m)*9.81/(1000*3600*ɳ*0.9) 

 

a.   Pumping energy consumed in wastewater collection and transmission: 

● Case 1 (WW originated from the AUC campus) = 1000*1*161.8*9.81/(1000*3600*0.55*0.9)= 

0.891 kw.hr 

● Case 2 (WW from other average source point) = 1000*1*213.8*9.81/(1000*3600*0.55*0.9) = 

1.177 kw.hr 

b.    Pumping energy for treated wastewater supply from the WWTP up till the Campus site: 

● Energy consumed in supplying treated wastewater to the AUC Campus location is considered 

zero. 

c.    Energy consumed in wastewater treatment process: 

● Energy consumed in activated sludge treatment process is estimated according to the given 

figures deduced out of design and operation records and the long experience in the field of 

wastewater treatment: 

o Energy consumed by air blowers for each 1m3 = 0.4 kw.hr 

o Energy consumed by other treatment facilities and sludge pumping and site lighting for 

each 1m3 = 0.2 kw.hr 

 

Over all energy factor for collecting and furnishing treated wastewater to the AUC Campus is: 

● Case 1 (WW originated from the AUC campus) =0.891 + 0.6 = 1.49 kw.hr/m3 

● Case 2 (WW from other average source point) =1.177 + 0.6 = 1.78 kw.hr/m3 

 

(Over all energy factor previously calculated for fresh water supply = 2.55 kw.hr/m3) 

 

Equivalent Overall Energy Factor: 

The equivalent overall energy factor is driven for the purpose of comparing and sensing the energy 

present and future savings / losses when introducing treated wastewater to water utilities within the AUC 

New Cairo Campus. The energy factor here is calculated for mixed use of different types of supplied 

water: 

● Equivalent energy factor before introducing treated wastewater to service = 2.55 kw.hr/m3 

● Equivalent energy factor for AY 14 (after fully covering irrigation needs by treated wastewater) = 

2.55*41.8% + 1.49*58.2% = 1.93 kw.hr/m3 
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