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Abstract:

Using energy in heating and cooling has become increasingly important
worldwide to gain thermal comfort inside buildings, as rising temperatures in hot
countries can cause discomfort to individuals, and impact their productivity
negatively, causing increased dependence on AC, which raises up the energy
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requirements for buildings due to increasing AC hours of operation. In non-
residential buildings, AC systems consume majority of the buildings’ energy
budget to meet required thermal comfort @. Consequently, simulations became an
important tool to improve buildings’ environmental performance, where designers
use dynamic simulation operations to improve non-renewable energy use and
minimize harmful environmental impacting factors like greenhouse gases, mainly
CO2 which represents a 66% ratio (Y, This study’s focus is proving the positive
role of energy simulations in conserving energy and improving eco-friendliness of
buildings, through retrofitting to the envelope of an existing educational building
residing in Cairo-Egypt, using a (Building Energy Modelling) tool, By
considering: the building’s geographical location, surrounding climate conditions,
building orientation, envelope materials, window to wall ratio, yearly building
occupancy schedule, interior space use, and used equipment, and by measuring
energy consumption of AC, lighting, and equipment, which represent the
building’s total energy consumption for the year 2021, A comparison was made
between the actual building’s energy consumption and electric bills of year 2021,
and the estimated total consumption according to the simulation, to guarantee the
accuracy of simulation results in the future, And by comparison, a 96% match in
consumption rates was found throughout the year. Based on the above, a retrofit
solution is proposed to maximize eco-friendliness and minimize carbon footprint,
this study depends on two main treatments to improve the building envelope,
hence increasing energy efficiency, One: is adding climate appropriate thermal
insulation which resulted in 18% decrease in AC power consumption and 8.1%
decrease in total building energy consumption. And Two: is replacing the
building’s glazing material with a more climate appropriate one, which resulted in
a 21% decrease in AC power consumption, and a 9.7% decrease in total building
energy consumption.
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LOCATION: Cairo Inti Airport, Al Qahirah, EGY
TEMPERATURE RANGE Lattude Longitude * Norn 31 4* East, Time Zone from Greenwich .
Data Source. ETW 623660 W St n Number Elevation 74 ™
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DESIGN GUIDELINES (for the Full Year) LOCATION: Cairo Intl Airport, Al Qahirah, EGY
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 30.13° North, 31.4° East, Time Zone from Greenwich 2
User Modified Design Strategies, User Modified Criteria Data Source: ETMY 623660 WMO Station Number, Elevation 74 m

Assuming only the Design Strategies that were selected on the Psychrometric Chart, 100.0% of the hours will be
Comfortable.

This list of Non-Residential Design guidelines applies specifically to this particular climate, starting with the most important
first. Click on a Guideline to link to the 2030 Palette for related passive design ideas (see Help).

Window overhangs (designed for this latitude) or operable sunshades (awnings that extend in summer) can reduce or eliminate air conditioning #,. 2032
42 ©On hot days ceiling fans or indoor air motion can make it seem cooler by 5 degrees F (2.8C) or more, thus less air conditioning is needed

20 Provide double pane high performance glazing (Low-E) on west, north, and east, but clear on south for maximum passive solar gain <, 2830

45 Flat roofs work well in hot dry climates (especially if light colored) . Z83%

35 Good natural ventilation can reduce or eliminate air conditioning in warm weather, if windows are well shaded and oriented to prevailing breezes #2030

32 Minimize or eliminate west facing glazing to reduce summer and fall afternoon heat gain . 2030
11 Heat gain from lights, occupants, and equipment greatly reduces heating needs so keep building tight, well insulated (to lower Balance Point temperature)
62 Climate responsive buildings in temperate climates used light weight construction with slab on grade and operable walls and shaded outdoor spaces

66 Climate responsive buildings in hot windy dry climates used enclosed well shaded courtyards, with a small fountain to provide wind-protected microclimates

56 Screened occupancy areas and patios can provide passive comfort cooling by ventilation in warm weather and can prevent insect problems
43 Use light colored building materials and cool roofs (with high emissivity) to minimize conducted heat gain . 2030
19 For passive solar heating face most of the glass area south to maximize winter sun exposure, and design overhangs to fully shade in summer == 203%

38 Raise the indoor comfort thermostat setpoint to reduce air conditioning energy consumption (especially if occupants wear seasonally appropriate clothing)

59 In this climate air conditioning will always be needed, but can be greatly reduced if building design minimizes overheating ;. 2032

47 Use open plan interiors to promote natural cross ventilation, or use louvered doors, or instead use jump ducts if privacy is required <. 2038

33 Long narrow building floorplan can help maximize cross ventilation in temperate and hot humid climates -, 2932

46 High Efficiency air conditioner or heat pump (at least Energy Star) should prove cost effective in this climate

26 Aradiant barrier (shiny foil) will help reduce radiated heat gain through the roof in hot climates

60 Earth sheltering, occupied basements, or earth tubes reduce heat loads in very hot dry climates because the earth stays near average annual temperature = 2%3%

36 To facilitate cross ventilation, locate door and window openings on opposite sides of building with larger openings facing up-wind if possible =, 2030
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