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Abstract

New building energy standards have recently been proposed for Egypt. There is however insufficient data on
the performance of existing buildings to provide a baseline for assessment of the impact of these new
standards or other possible upgrade measures. In common with the rest of the world, there is also no standard
design assessment method which takes account of the inherent uncertainty in operation, behavior, and
weather. This paper first explores the current energy and environmental performance of offices in Egypt
through a simple energy survey of multiple offices and more detailed investigation of an individual office
building. The observed indoor thermal environment is compared against adaptive and non-adaptive thermal
comfort standards. A method is then proposed for assessment of building performance which takes account of
uncertainties in operation, behavior and weather through the definition and use of representative input
parameter sets. The application of the method is illustrated for energy and thermal comfort performance of a
typical Egyptian office building. The more general applicability of the method in design and policy, and
potential for further developments, are discussed.

1 Introduction
To help reduce energy use in buildings, we need accurate modelling methods for energy
demand that take into account building characteristics, operation and user behavior. User
behavior influences the energy demand of a building both passively and actively. On the one
hand, the presence of people in a building will lead to effects due to metabolic processes
which change heating, cooling and dehumidification loads depending on the prevalent
hydrothermal conditions. On the other hand, active effects include the operation of control
devices (e.g. window opening, lighting controls, thermostat settings), the presence and use
of electrical appliances (e.g. computers, printers, unitary cooling and heating devices) or the
consumption of hot water (e.g. cooking or personal hygiene related). Robustness or
resilience of buildings against variations in operation, behavior and weather has been put
forward as desirable and various methods proposed for how this might be evaluated (Aerts
et al. 2014), (Fabi et al. 2011), (Mahdavi 2011), (Morishita et al. 2015), (Wang et al. 2005)
but no standard method for this has yet evolved.
The incorporation of occupant behavior and the impact on comfort and energy use in
building performance models can be represented through a bottom up modeling approach
where each control action is explicitly represented in a stochastic algorithm, agent based,
with physical triggers such as visual, thermal or olfactory environment and the history and
pre-condition of the agents e.g. window opening (Yun et al. 2009), window and blind use

(Tuohy 2007), lighting use and occupancy (Reinhart 2004), (Mahdavi et al. 2009). There are
problems with this approach with both a lack of a comprehensive set of algorithms with
sufficiently detailed and validated parameters appropriate to specific contexts and the
computational power that would be required to incorporate these within the required
multi-domain building performance assessment modeling tools. While this bottom up
approach has the potential to provide a virtual reality to designers in future there are
significant challenges to be overcome before this is available for building practitioners.
An alternate approach proposed and explored in this paper is to capture variations and
uncertainties in building operations, user behaviors and weather within higher level
parameter sets representing realistic distributions, and then to evaluate the energy and
comfort performance of buildings across these ranges. This approach is developed and
illustrated here using Egyptian office buildings as an example. First, the baseline energy and
comfort performance is explored for existing offices and a typical model created. Next,
parameter sets are developed representing variations in operation, behavior and weather.
Finally, the energy and comfort performance of the typical office and the impact of possible
upgrades are evaluated across these ranges. The general applicability of the approach in
building design is then discussed.
Insights into the energy and comfort performance of Egyptian office buildings are also
generated by this work which may be useful in characterizing the Egyptian building stock.
2 Energy and Comfort Performance of Existing Egyptian Office Buildings
The current energy and comfort performance of offices in Egypt is explored through a
simple energy survey of multiple offices and a more detailed investigation of an individual
office building. The observed indoor environment is compared against adaptive and nonadaptive thermal comfort standards.
2.1 Energy Survey of Multiple Offices
Historical surveys such as ECON19 0in the UK have underpinned energy performance
calculation methods however no historical survey data is available for Egyptian offices.
ECON19 categorizes buildings by their HVAC strategy and type. As a first step in the
exploration of the energy performance of Egyptian offices, electricity bill data was gathered
for 59 offices in Alexandria. The energy performance was then analyzed for 3 HVAC types: 1.
Natural Ventilation and no cooling (11 offices); 2. Natural Ventilation and local unitary AC
systems (41 offices); 3. Central HVAC with mechanical ventilation.
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Figure 1 Monthly power consumption for Egyptian office Buildings According to HVAC system
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Figure 1 shows the summary results, the central grey/black box shows the 25th, 50th, and
75th percentiles and the whiskers show the max and min for each month. This high level
data provides only some high level insight, more detailed information is required to better
understand Egyptian building performance. The same trend is seen as for the ECON19 study
such that more highly serviced buildings consume more energy.
2.2 Energy and Indoor Environment for an Office, comparison to Comfort Standards.
Type 2 (Natural ventilation and local cooling) was found to be the most prevalent category.
A more detailed investigation of an individual Type 2 office building was then carried out.
The office was chosen as it is a common building type found in Egypt. In addition to the
measurements the occupancy and patterns of use were recorded including window and
blind use, local cooling system setpoints, and the clothing being worn by the occupants.
Local weather station data was also available. The investigation involved energy and
environmental monitoring during 2014. Measurements were made of space resultant
temperature, humidity, carbon dioxide and electrical power. The monitoring instruments
were moved around to various locations to facilitate gathering of useful data and also to
capture variations. The survey was designed to allow a calibration of a dynamic simulation
model as well as provide further data on current building performance. The building
configuration and external views are shown in figure 2, internal views in figure 3. The
external and internal views highlight the variation in use of windows and blinds.

Figure 2. The type 2 case study building - example floor plan and external views.

Figure 3. The case study building – example internal views.

The monitoring data highlighted high variability in internal conditions during working hours.
Some spaces were observed to have the local cooling setpoint set to 16C and the system
running throughout the working day, others had setpoints of 22 or 24C, while others ran the
local cooling set at 22C for an initial period and then switched it off. Behaviours in offices
varied based on time of year and also day to day. The behaviour shown in figure 5 for office
S08 where the cooling setpoint is set at 22C and the room operative temp achieved was
around 23.5C was the most typical and representative of the summer conditions across the
majority of the space.
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Figure 5. Actual inside room
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The internal conditions for the typical office S08 are shown plotted against the various
comfort criteria from international standards in figure 7 (ASHRAE Standard 55-2004), (Cen,
E. N. "15251" 2007). The measured internal temperatures for this type 2 office with
available cooling appear to most closely follow the comfort temperature predicted by the
PMV method.

Figure 7. Internal conditions and predicted comfort temperature v. outdoor mean temperature.

3 Energy and Comfort Assessment Methodology for Upgrades
A methodology is proposed for assessing energy and comfort impacts of retrofit or new
build measures. The methodology involves creation of: a typical model; input parameter
sets representing variation and uncertainties in operating conditions and behaviors; and,
inputs representing variation in weather. The typical model is then used as the base and
changes evaluated against this base performance across the range in operations, behaviors
and weather. The output is then a performance map allowing energy and thermal comfort
performance to be assessed.
3.1 Creation of the typical model
A double calibration process is used to create the typical model: first a calibrated model is
created for the case study building for which detailed information is available, and then the
calibrated model is adjusted to be more representative of typical performance determined
from the multi-building survey. The case study building used to create the calibrated model
is situated in Alexandria on the Mediterranean coast.

Figure 8. Location of the detailed monitoring building.

3.1.1 Calibrated model from detailed monitoring study
Standard methods (Raftery et al. 2009), (Tahmasebi et al. 2013), (Royapoor et al. 2015),
(Westphal et al. 2005) were used to create a calibrated model of the case study building.
The creation of the calibrated model has been reported in detail elsewhere (Elharidi et al.
2013) and is only briefly summarized here. First a best guess model was created from
construction and monitored data; next a parametric study was carried out to identify the
uncertain parameters with the greatest influence on building performance; then a
sequential calibration process in order of decreasing influence was carried out to set
parameters for minimum root square mean variance (RSMV).
The base building is typical Egyptian un-insulated solid wall and single glazed construction.
The calibration process was partitioned to allow parameters to be independently calibrated
i.e. calibration of electric power use was first done in the winter period to establish lighting
and equipment performance, then summer calibration carried out to establish cooling
performance, air infiltration rate was calibrated using occupancy and carbon dioxide
measurements etc. The results of the model calibration process are illustrated in figure 9.

Figure 9. Calibrated model energy and carbon dioxide performance.

Figure 10. Internal temperature (real and model), predicted comfort v. outdoor mean temperature.

3.1.2 Adjusted Calibrated Model to Represent Typical Performance
The calibrated model while giving good agreement with the measured data has a different
monthly energy use profile from that seen in the multi-building survey as shown in figure
11. The case study building is the administration building for the University and had very
high occupancy and energy use in June and August associated with the University calendar,
either side of Ramadan which was in July and had low occupancy and activity levels, to
create a more typical profile these months were adjusted in the model to have a more
consistent occupancy pattern similar to non-academic buildings. The winter occupancy and
associated equipment and lighting use was adjusted up to represent a more typical
occupancy pattern, with these adjustments the model gave results close to the 50th
percentile of the survey data. The model then is tuned to represent performance of a
typical type 2 office, figure 11 however highlights the variability in performance seen in the
energy survey, and it would appear to be important to also represent this variability in
assessing energy performance.

Figure 11. Monthly power consumption for type 2 offices from the survey and simulation results from the
calibrated model of the single office and the 'typical' model.

3.2 Realistic worst case parameter sets for operations and behavior.
From the parametric screening study and literature (Lam et al. 1996), (Tian 2013) the
primary input parameters which affect energy use and their likely ranges were determined.
The ranges are tabulated in table 1, the max and min extremes have been labeled as + and 3 standard deviations, this superimposes a notional normal distribution on each parameter
for which the standard deviations have been determined.
Table 1: Primary input parameters and ranges (D.F. = Diversity Factor)
Parameter
Equipment load
Equipment D.F
Lighting Load
Lighting D.F
Occupancy Load
Occupancy D.F
A/C Set point
Infiltration Rate

W/m2
W/m2
m2 / person
°C
l/s.m2

Max (+3 σ)
30
1
18.8
1
16
1
26
1.3

Min (-3 σ)
10
0.2
7.8
0.2
4
0.2
18
0.3

σ
3.33
0.13
1.83
0.13
2.00
0.13
1.33
0.17

Mean
20
0.6
13.3
0.6
10
0.6
22
0.8

The impact of these parameters on the energy performance of the building are either
positive or negative e.g. increasing equipment loads will positively increase power
consumption (equipment plus cooling), while increasing the cooling setpoint will reduce
power consumption (less cooling).
The infiltration rate as described in table 1 is the daytime sum of infiltration due to window
and door openings, extract fans, and unintended fabric air leakage. In the model the
daytime and nighttime infiltration due to the use of openings and fans are separately
specified from the unintended fabric leakage so that each can be separately specified, for
simplicity this was not shown here.
Variations in these parameters will depend on how the building is operated and equipped,
over the life of a building it is reasonable to expect that these parameters will be varied over
time. In order to capture this likely variation it would seem reasonable to combine these
uncertain parameters into best case and worst case parameter sets to represent likely
variations and uncertainties. The offices were assumed to have occupancy based around an
8 hour work day as this was found to be the case in the survey. Combining the extremes
(max, min) of each parameter would give a possible but very unlikely worst case range,
rather by applying adjustment of 1 standard deviation to each parameter and combining
settings based on positive or negative effect a more realistic set of worst case parameters

was established (table 2 and figure 12). It was then proposed that this best case, worst case
and typical parameter sets be considered in assessment of likely building performance.
Table 2: Best case, worst case and typical model input parameters
Parameter
Equipment load (IT)
Miscell
Equipment D.F
Miscell D.F
Lighting Load
Lighting D.F
Occupancy Load
Occupancy D.F
A/C Set point
Infiltration Rate

contribution
to power
Consumption

Best Case
('light ')

Worst Case
('heavy')

Typical

12.2

18.8

15.5

4.5

4.5

positive

0.5

0.7

positive
positive
nigative
positive
negative
positive

11.5
0.5
12.0
0.5
23.3
0.6

15.1
0.7
8.0
0.7
20.7
1.0

4.5
0.6
0.6
13.3
0.6
10
0.6
22
0.8

positive

Figure 12. Realistic worst case parameter sets superimposed on monthly power consumption.

3.3 Realistic worst case weather datasets.
The weather was measured during the monitoring period and used in the modeling
described above however the variation in weather also should be considered in assessing
likely building performance. To address this point the statistical analysis as proposed by
Crawley (Crawley 2007, 2015) was used to create weather files representing realistic
spreads in weather. First cooling degree days were analyzed for recent years and the highest
and lowest degree day’s climate files identified for use as extremes, 2006 as a 'cool' year,
and 2010 as a 'warm' year. These years are shown in figure 13, it can be seen that the
difference is largely due to extension of the warmer summer period into the autumn. The
difference in degree days and peak temperatures between the cool and warm years for
Alexandria is relatively small (20%) compared to other regions, possibly due to its coastal
location.

Figure 13. Weather files for Alexandria: cooling degree days and dry bulb temperatures.

3.4 Application of the Methodology
Now with a typical model and parameter sets representing uncertainties in operations and
behavior and weather it is possible to include these likely variations and uncertainties in
evaluating typical building performance and the impact of potential upgrades.
The modeling results (Total Annual Energy Use and Summer PPD) for the typical office are
illustrated in figure 14 for each combination of weather and occupancy behavior pattern.
The occupancy and behavior related variation in energy consumption is very large while the
impact of weather is relatively small. Similarly the impact of the cooling setpoint is apparent
with the light and typical with higher cooling setpoints having accordingly higher calculated
PPDs.
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Figure 14. Performance for typical office building.

An upgrade scenario is illustrated in figure 15, in this scenario the lighting and IT equipment
is replaced with the most energy efficient available, 7.8 and 10 W/m2 respectively see table
1. The variations in lighting and IT equipment use patterns of use as represented by the
diversity factors of table 1 are the same as for the typical building evaluation. In this
scenario the reduction in energy consumption is very apparent compared to the typical
case; there is a small but consistent improvement in PPD.
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Figure 15. Performance for typical office building with low energy lighting and IT equipment.

A further scenario is illustrated in figure 16, where in addition to the lighting and IT upgrade
the lower cooling system setpoint temperature is applied in all cases. Here the calculated
PPD shows a corresponding improvement but the energy penalty associated with this is
made clear.
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Figure 16. Typical office with low energy lighting and IT equipment and lower cooling setpoint (20.7 C).

These scenarios are used to illustrate the potential use of the methodology, there are of
course many other possible upgrades. The performance views are intended to capture
energy and comfort performance across the range of conditions likely to be experienced
over building lifetime. The performance information is intended to usefully inform design
and operational decision making. The scenarios here are for type 2 offices with a single main
occupancy period of 8 hours with reduced occupancy outside these times (security and
cleaning etc), separate performance scenarios would be generated for type 2 offices with 16
or 24 hour occupancy periods.
4 Discussion
The general principle that buildings should work across likely patterns of use and ranges in
weather would appear to be obvious, however how this should be assessed is rarely
addressed, and there is no standard approach commonly used. The method proposed and
then explored here is an attempt to move discussion forward.
The illustration of the method for the Egyptian context is purely circumstantial, the method
is intended to be applicable elsewhere, in other countries there may be more established
datasets. Starting from scratch in the Egyptian context has however provided some useful
insights.

The simple performance views illustrated here may be easily augmented to give a more
comprehensive performance dashboard with individual energy uses and more complex or
alternative performance metrics e.g. indoor air quality etc. or alternative time periods.
The performance views containing energy and comfort performance across the different
operation and weather scenarios may be useful in design stage but can also serve as a
communication vehicle to the operations team and could in future be linked into a real time
feedback system. Any perceived performance gap may in part be explained by the different
operating conditions or weather from that used to show compliance to specifications.
The choice of the notional best and worst case datasets made here, and the selection of PPD
as the comfort criteria were choices made by the authors and different choices may be
made by others. The PPD criteria for these type 2 offices with available cooling would not
necessarily apply in the naturally ventilated offices with no cooling systems where the
adaptive standards may apply.
The survey of the Egyptian office buildings is not extensive but shows the same trend in
increasing energy use in the more highly serviced buildings as found in other situations such
as in the ECON19 UK survey. There is scope for further survey to be carried out to give a
more comprehensive picture.
The focus of the work presented in this paper was to develop a method for assessing
building performance including variation in operation, behavior and weather, the next steps
are to develop the method further (alternative office types / comfort criteria, performance
view extension etc), and investigate the use of the method in support of design and policy.
5 Conclusions
Building operating conditions, weather and the behavior of occupants are inherently
variable and uncertain.
This paper proposes a simple method for including the impact of these variations and
uncertainties in building performance assessment for use in design or policy.
The current energy and environmental performance of offices in Egypt is characterized
through a simple energy survey of multiple offices.
A more detailed investigation of an individual office building with natural ventilation and
independently controlled local cooling systems is carried out.
The method demonstrated includes the creation of a calibrated model, a typical model, and
parameter sets representing likely variations in operations, behavior and weather.
The observed indoor environment is compared against adaptive and non-adaptive thermal
comfort standards.
The application of the proposed method is demonstrated for a typical Egyptian office and
the same office with changes applied.
The more general use and applicability of the method in design and policy is highlighted,
and potential usefulness in operation phase discussed.
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