
2. ! Existing Energy Performance (Baseline Energy Analysis).!!!
2.1! Existing Building - Overall Annual Energy Performance Summary!
Dynamic Simulation modelling was carried out on the existing, baseline 3 bay model, using Simple HVAC, 
and Calculated Natural Ventilation. The base model had a calculated Total Delivered Energy Demand of 
143.7 kWh/m2 per Annum. However simulating Annual Energy Demand, with cooling turned on (Air-
Conditioning), in order to eliminate predicted Summertime overheating, the Total Delivered Energy Demand 
increases to 258 kWh/m2 per Annum. The breakdown of predicted delivered energy results of the Dynamic 
Simulation Modelling for the baseline (existing) 3 bay model are as set out below in Table 1.!!

!
Table. 1 - SIMULATION RESULTS - Delivered Energy Breakdown for Baseline model.!!!
2.2! Existing Building - Energy Performance Characteristics!
Energy analysis and dynamic simulation modelling carried for the base-line model predicts a poor level of 
energy performance, and can also identify the primary building characteristics that are leading to high 
heating loads in the Winter, and high cooling loads (and overheating) in the Summer:!
!
!

Fig. 2 - WINTER - existing energy performance characteristics.!
!

Fig. 3 - SUMMER - existing energy performance characteristics.!!!
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Existing Base-line – 312 kWh/m2 (with Air-Con)

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
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6. Dynamic Simulation Energy Analysis !!
6.1 Total Annual Energy Use - Whole Building & 3 Bay Models!
From the Dynamic Simulation Model (Design Builder), the total Delivered Annual Energy for the 1960s 
building model (Air Conditioned), was calculated at 3,018 MWh per Annum, or 300.2 kWh/m2. The Total 
Delivered Annual Energy calculated for the current building (Mechanical Ventilation), is calculated at 1,827 
MWh per Annum or 181.9 kWh/m2. !!
The total calculated annual energy and a breakdown of uses for both the whole building and the detail 3-bay 
model is shown in Tables 3 & 4 below, and a graphical representation of Total Annual Energy Demand is 
shown in Figures 4 & 5.!!!

!
Table 3 - Total Annual Energy - original 1960s building & current modifications!!!

!
Table 4 - Total Annual Energy - 3 Bay model original 1960s building & current modifications 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SUMMER – EXISTING BUILDING PERFORMANCE
•  Cooling Load / Overheating – Peak Internal Summer Temps. 28-32ºC

•  Electrical Lighting & Room Equipment – Internal Heat Gains (55%)
•  High Solar Gains (E/W Facades- Low-angle Morning and Late Afternoon Sun < 40º)

•  Thermal Mass not utilized – suspended ceilings & raised floor
•  Ineffective Natural Ventilation / Night-time Ventilation

WINTER – EXISTING BUILDING PERFORMANCE
•  Ventilation Heat Losses (3 ACH with No Heat Recovery)

•  Infiltration Heat Losses (0.4 ACH)
•  Fabric Heat Losses – U-Values & LTBs

•  Glazing & Frame Heat Losses
•  System Losses & Inefficiencies

< 40º!

+28º C! +30º C!

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
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Simulation Results - Energy Use Breakdown Simulation Results – Internal Gains / Temperature Internal Heat Gains Heat Losses

1. Electrical Lighting (uncontrolled) 
& Room Equipment loads 
resulting in internal heat gains.!

2. Solar Heat Gains (East/West 
highly glazed facades without 
shading / solar control).!

3. Limited scope for Nat Vent 
cooling (limited opening 
windows, no cross ventilation or 
stack effect).!

4. Thermal Mass of structure 
unavailable to help modulate 
cooling loads.!

Existing Base-line – 312 kWh/m2 (with Air-Con)
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6. Dynamic Simulation Energy Analysis !!
6.1 Total Annual Energy Use - Whole Building & 3 Bay Models!
From the Dynamic Simulation Model (Design Builder), the total Delivered Annual Energy for the 1960s 
building model (Air Conditioned), was calculated at 3,018 MWh per Annum, or 300.2 kWh/m2. The Total 
Delivered Annual Energy calculated for the current building (Mechanical Ventilation), is calculated at 1,827 
MWh per Annum or 181.9 kWh/m2. !!
The total calculated annual energy and a breakdown of uses for both the whole building and the detail 3-bay 
model is shown in Tables 3 & 4 below, and a graphical representation of Total Annual Energy Demand is 
shown in Figures 4 & 5.!!!

!
Table 3 - Total Annual Energy - original 1960s building & current modifications!!!

!
Table 4 - Total Annual Energy - 3 Bay model original 1960s building & current modifications 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SUMMER – EXISTING BUILDING PERFORMANCE
•  Cooling Load / Overheating – Peak Internal Summer Temps. 28-32ºC

•  Electrical Lighting & Room Equipment – Internal Heat Gains (55%)
•  High Solar Gains (E/W Facades- Low-angle Morning and Late Afternoon Sun < 40º)

•  Thermal Mass not utilized – suspended ceilings & raised floor
•  Ineffective Natural Ventilation / Night-time Ventilation

WINTER – EXISTING BUILDING PERFORMANCE
•  Ventilation Heat Losses (3 ACH with No Heat Recovery)

•  Infiltration Heat Losses (0.4 ACH)
•  Fabric Heat Losses – U-Values & LTBs

•  Glazing & Frame Heat Losses
•  System Losses & Inefficiencies

Simulation Results - Energy Use Breakdown Simulation Results – Internal Gains / Temperature Internal Heat Gains Heat Losses

1. Ventilation Heat Losses (Mech 
Vent - without heat recovery).!

2. Infiltration Heat Losses (the 
building fabric is leaky).!

3. Glazing Heat losses (Glazing 
and Frame losses).!

4. Fabric Heat Losses (poor fabric 
U-Values + LTBs).!

5. Thermal Mass of structure 
unavailable store heat, to help 
modulate heating loads.
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Buildings as Dynamic Energy Systems!!
In order to design and construct low-energy, comfortable buildings that maximise beneficial passive daylight, 
heating, cooling and ventilation strategies, buildings need to be understood by the Designer in a holistic way 
as complex dynamic Energy Systems. Energy in buildings can be seen as a complex interrelationship 
between architectural form, building envelope, systems and the natural environment. The energy flows in 
and around buildings are not static, but in a constant flux in tune with changing occupancy, fluctuating 
internal heat gains and losses, and external seasonal, daily, and hourly changing climate and weather. 
Dynamic Simulation Models such as those created with Design Builder attempt to model this complex reality, 
in order to predict energy flows, energy use, occupancy comfort and environmental performance.!!!
The Fluctuating External Environment!!
The external environment in which a building is surrounded, in turn influences and determines its internal 
environment. The static impacts of the building site’s geographical location, altitude, orientation, 
surroundings (exposed or sheltered), all influence the macro and micro climate, that has a profound effect on 
the environmental and climatic forces at play. Surrounding buildings, trees, topography, as well as the actual 
building’s shape and form itself play a key role upon the effects of solar radiation, air, wind and rain acting on 
the building. Other external forces are not static but in a continual state of flux: the seasons change, the sun 
sets and rises, external temperatures rise and fall, the effects of solar radiation fluctuate between day and 
night, and constantly shift with the changing altitude and distance of the Sun from the Earth, together with 
changing Relative Humidity, and the effects of rain, wind, and cloud-cover. On an hourly and sub-hourly 
basis, the position and orientation of the sun shifts in the sky and its solar heating and daylighting intensity 
are modulated by cloud cover and the atmosphere. Prevailing winds shift direction around the building, and 
wind speeds rise and fall. The availably of these passive energy sources as potential heating, cooling, 
ventilation and lighting thus changes constantly.!
!

Fig. 1 - Site Aerial View - The Fluctuating External Environment - Sun, Wind, Cloud & Rain.!!
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The Fluctuating Internal Environment!!
The internal environment of the building is similarly non-static, and affected by fluctuating and dynamic 
energy flows and occupancy patterns. Energy use within the building and internal heat gains and losses are 
affected by the building’s users and their activities - electrical lighting use, room equipment (machines, 
computers, and building processes), auxiliary loads (pumps, fans and HVAC services) and metabolic gains 
from occupants themselves. The extent of these internal heat gains as well as associated energy use is 
dictated by the efficiency and responsiveness (controls) of lighting and electrical equipment. Occupants and 
processes within the building consume Oxygen and produce moisture, CO2, VOCs and other air pollutants 
that require removal. Users and building systems respond to the changing internal comfort conditions by 
switching systems on or off, opening and closing windows, blinds and other shading devices.!
!

Fig. 2 - The Fluctuating Internal Environment - Schematic Diagram of Energy Flows.!!!!
The Building Envelope as a Modulator Between Internal & External Environments.!!
There is a dynamic, symbiotic, inter-relationship between the fluctuating internal and external environments 
of a building. A key influencing factor is the building envelope, which act as a modulator between the internal 
and external environments. The external “skin” of the building either admits or restricts external daylight, 
sunlight, solar heat gains, humidity, wind and air movements (Ventilation & Infiltration). !
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2. ! Existing Energy Performance (Baseline Energy Analysis).!!!
2.1! Existing Building - Overall Annual Energy Performance Summary!
Dynamic Simulation modelling was carried out on the existing, baseline 3 bay model, using Simple HVAC, 
and Calculated Natural Ventilation. The base model had a calculated Total Delivered Energy Demand of 
143.7 kWh/m2 per Annum. However simulating Annual Energy Demand, with cooling turned on (Air-
Conditioning), in order to eliminate predicted Summertime overheating, the Total Delivered Energy Demand 
increases to 258 kWh/m2 per Annum. The breakdown of predicted delivered energy results of the Dynamic 
Simulation Modelling for the baseline (existing) 3 bay model are as set out below in Table 1.!!

!
Table. 1 - SIMULATION RESULTS - Delivered Energy Breakdown for Baseline model.!!!
2.2! Existing Building - Energy Performance Characteristics!
Energy analysis and dynamic simulation modelling carried for the base-line model predicts a poor level of 
energy performance, and can also identify the primary building characteristics that are leading to high 
heating loads in the Winter, and high cooling loads (and overheating) in the Summer:!
!
!

Fig. 2 - WINTER - existing energy performance characteristics.!
!

Fig. 3 - SUMMER - existing energy performance characteristics.!!!
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Existing Base-line – 312 kWh/m2 (with Air-Con)

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
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6. Dynamic Simulation Energy Analysis !!
6.1 Total Annual Energy Use - Whole Building & 3 Bay Models!
From the Dynamic Simulation Model (Design Builder), the total Delivered Annual Energy for the 1960s 
building model (Air Conditioned), was calculated at 3,018 MWh per Annum, or 300.2 kWh/m2. The Total 
Delivered Annual Energy calculated for the current building (Mechanical Ventilation), is calculated at 1,827 
MWh per Annum or 181.9 kWh/m2. !!
The total calculated annual energy and a breakdown of uses for both the whole building and the detail 3-bay 
model is shown in Tables 3 & 4 below, and a graphical representation of Total Annual Energy Demand is 
shown in Figures 4 & 5.!!!

!
Table 3 - Total Annual Energy - original 1960s building & current modifications!!!

!
Table 4 - Total Annual Energy - 3 Bay model original 1960s building & current modifications 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SUMMER – EXISTING BUILDING PERFORMANCE
•  Cooling Load / Overheating – Peak Internal Summer Temps. 28-32ºC

•  Electrical Lighting & Room Equipment – Internal Heat Gains (55%)
•  High Solar Gains (E/W Facades- Low-angle Morning and Late Afternoon Sun < 40º)

•  Thermal Mass not utilized – suspended ceilings & raised floor
•  Ineffective Natural Ventilation / Night-time Ventilation

WINTER – EXISTING BUILDING PERFORMANCE
•  Ventilation Heat Losses (3 ACH with No Heat Recovery)

•  Infiltration Heat Losses (0.4 ACH)
•  Fabric Heat Losses – U-Values & LTBs

•  Glazing & Frame Heat Losses
•  System Losses & Inefficiencies

< 40º!

+28º C! +30º C!

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
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Simulation Results - Energy Use Breakdown Simulation Results – Internal Gains / Temperature Internal Heat Gains Heat Losses

1. Electrical Lighting (uncontrolled) 
& Room Equipment loads 
resulting in internal heat gains.!

2. Solar Heat Gains (East/West 
highly glazed facades without 
shading / solar control).!

3. Limited scope for Nat Vent 
cooling (limited opening 
windows, no cross ventilation or 
stack effect).!

4. Thermal Mass of structure 
unavailable to help modulate 
cooling loads.!

Existing Base-line – 312 kWh/m2 (with Air-Con)
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6. Dynamic Simulation Energy Analysis !!
6.1 Total Annual Energy Use - Whole Building & 3 Bay Models!
From the Dynamic Simulation Model (Design Builder), the total Delivered Annual Energy for the 1960s 
building model (Air Conditioned), was calculated at 3,018 MWh per Annum, or 300.2 kWh/m2. The Total 
Delivered Annual Energy calculated for the current building (Mechanical Ventilation), is calculated at 1,827 
MWh per Annum or 181.9 kWh/m2. !!
The total calculated annual energy and a breakdown of uses for both the whole building and the detail 3-bay 
model is shown in Tables 3 & 4 below, and a graphical representation of Total Annual Energy Demand is 
shown in Figures 4 & 5.!!!

!
Table 3 - Total Annual Energy - original 1960s building & current modifications!!!

!
Table 4 - Total Annual Energy - 3 Bay model original 1960s building & current modifications 

Daniel Coyle BArch MRIAI ! �                                                                                                                                                        9

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
Daniel Coyle BArch MRIAI ! �                                                                                                                                                      11

Solar Gains
Interior Lighting
Interior Equipment
Occupancy
Heating

34ºC

6.3 Heat Gains  - Summer Overheating & Comfort !
Heat Gains and the causes of the Summer overheat can be identified from the simulation results and are 
illustrated in Figure 7. The main heat gains are from Solar Gains through glazed openings (35%), followed by 
Lighting Gains (29%) and Room Equipment (26%). !!
The likelihood of overheating and discomfort within the Office Spaces during summertime was also assessed 
for the current (2014) building by analysing the Temperature Distribution results for the Summer Design 
Week and recording the number of hours of predicted temperatures above both 25º and 28º (Table 2.3).!!
Without cooling from air-conditioning the office spaces are clearly overheating with temperatures calculated 
at over 25º and 28º for significant periods during the Summer Design Week (Figure 8), resulting in 
Discomfort for occupants. A simulation of the Summer Design Week calculates Peak Internal Temperatures 
in excess of 32ºC.!

Fig. 7 - Heat Gains breakdown (%) - Summer-time.! ! Fig. 8 - Predicted hours of overheat Summer-time.!!

Fig. 9 - Dynamic Simulation Analysis: Internal Summertime Gains (above), and Internal Comfort Temperatures (below)!!!
Daniel Coyle BArch MRIAI ! �                                                                                                                                                      11

Solar Gains
Interior Lighting
Interior Equipment
Occupancy
Heating

34ºC+28º C!

SUMMER – EXISTING BUILDING PERFORMANCE
•  Cooling Load / Overheating – Peak Internal Summer Temps. 28-32ºC

•  Electrical Lighting & Room Equipment – Internal Heat Gains (55%)
•  High Solar Gains (E/W Facades- Low-angle Morning and Late Afternoon Sun < 40º)

•  Thermal Mass not utilized – suspended ceilings & raised floor
•  Ineffective Natural Ventilation / Night-time Ventilation

WINTER – EXISTING BUILDING PERFORMANCE
•  Ventilation Heat Losses (3 ACH with No Heat Recovery)

•  Infiltration Heat Losses (0.4 ACH)
•  Fabric Heat Losses – U-Values & LTBs

•  Glazing & Frame Heat Losses
•  System Losses & Inefficiencies

Simulation Results - Energy Use Breakdown Simulation Results – Internal Gains / Temperature Internal Heat Gains Heat Losses

1. Ventilation Heat Losses (Mech 
Vent - without heat recovery).!

2. Infiltration Heat Losses (the 
building fabric is leaky).!

3. Glazing Heat losses (Glazing 
and Frame losses).!

4. Fabric Heat Losses (poor fabric 
U-Values + LTBs).!

5. Thermal Mass of structure 
unavailable store heat, to help 
modulate heating loads.
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2.3! Winter -  Heat Losses / Fabric Performance Analysis!
In the baseline model, heat losses through the glazed elements can be identified as the primary cause of 
heat losses from the building, followed by Ventilation & Infiltration losses and transmission losses through the 
walls. A breakdown of the Winter Design Week heat losses is shown in Figure 4 below.!

Fig. 4 - Winter Design Week - Heat Losses through Fabric & Ventilation (Wh/m2).!!!
2.4! Summer: Comfort / Overheating!
Heat Gains and the causes of Summer overheat can be identified from the simulation results and are 
illustrated in Figure 5. The main heat gains are from Solar Gains through external windows (35%), followed 
by Lighting Gains (29%) and Room Equipment (26%). The hours of overheating and discomfort within the 
Office Spaces during the Summer Design Week were also assessed for the current building (Table 2). 
Without cooling from air-conditioning the office spaces are clearly overheating with peak Operative 
temperatures of over 32º during the Summer Design Week (Figure 6), resulting in Discomfort for occupants. !!
Simulating the Base model with Cooling turned on to control overheating, creates an additional 35 kWh/m2 
annual cooling load, a 60% increase on the Total Annual Energy Demand. Passive measures such as 
window orientation and geometry, summer shading devices, and summer purge ventilation would need to be 
investigated in order to prevent overheating without this additional cooling energy load.!

Fig. 5 - Summer Design Week - Heat Losses through Fabric & Ventilation (Wh/m2).!!

!!
Table 2. Summer Week  Overheating Hours!! Fig. 6 - Summer Design Week - Internal Temperature Graph.!
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Office Spaces during the Summer Design Week were also assessed for the current building (Table 2). 
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Table 2. Summer Week  Overheating Hours!! Fig. 6 - Summer Design Week - Internal Temperature Graph.!

Overheating hours 
(Summer Design Week)

Hours 
+ 25˚C

Hours!
+ 28˚C

Office (West) 85.5 29.5

Offices (East) 50 10

TOTAL 135.5 39.5
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!
4.3! Optimised Electrical Lighting - Efficiency & Responsive Controls!
Major reductions in overall Energy Demand can be achieved by upgrading the existing Electrical Lighting 
System. Adopting an appropriate low energy lighting strategy for the building retrofit has a two-fold benefit- 
reducing Energy Loads, and also at the same time reducing Lighting Heat Gains and helping to significantly 
reduce Summer-time Cooling Loads. !!
The optimised Artificial Lighting strategy includes the following principal measures: !!
(1) Selection of highly energy efficient LED light fittings (maximum light output, minimum energy input), !
(2) Intelligent design of overall lighting installation to deliver user controlled task lighting at desk spaces 

(300 lux to the working plane), lower level lighting to circulation routes (100 lux), combined with 
background reflected ambient light (optimised by reflective wall and ceiling surfaces).!

(3) Zoning of lighting and controls - (open plan office divided into 3.0m deep zones stepped from perimeter),!
(4) Full Dimming, Daylight and Occupancy responsiveness and controls to all lighting (Manual “on” 

switching with automatic daylight and presence detection “off” switching).!!
The optimal lighting system is designed not only for energy efficiency, but also visual comfort and user 
satisfaction. The proposed lighting system is calculated to deliver good lighting levels at an efficiency of 1.6 
W/m2 per 100 lux. The increased efficiency of the lighting system, together with responsive dimming controls 
reduces the energy demand by an estimated 85%. At the same time Lighting Heat Gains in the Summer 
have been reduced by 85%.!

Fig. 5,6,7 - Optimised Lighting Strategy: (1) Centre strip LED lighting to central circulation routes (100 lux), (2) Combined 
Task and background lighting (300 lux), user controlled from individual work stations with daylight sensors and dimming 
controls (3) Reflective ceiling surfaces providing ambient background light and visual interest to space.!
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Quality-Approved Energy Retrofit with PH Components - Criteria for residential-use refurbished buildings,          as of 17.08.2010   13 / 16 

4 Testing procedure  

An informal application for the certificate can be made to the selected certifier.  The 
required documents must be filled in completely and submitted to the tester.  The 
documents  must be checked at least once.  Depending on the procedure, further testing 
may also be arranged.   

Note: If possible, checking of the relevant documents should be carried out during the 
planning stage so that potential corrections or suggestions for improvement can be considered 
at an early stage.  

After the assessment the contractor will receive the results, with corrected calculation and 
suggestions for improvement, if applicable.  Reviewal of the construction work is not the 
object of the certification.  However, evidence of the building's airtightness, the adjustment 
protocol of the ventilation unit and the construction manager's declaration and at least one 
photograph must be provided.  If the technical accuracy of the necessary evidence for the 
building is confirmed and the criteria given above are adhered to, the following certificate 
will be issued:   

 

Issuing only certifies the accuracy of the documents submitted, in accordance with the level 
of technological development of Passive House components.  The assessment relates 
neither to the monitoring of the work, nor to the supervision of the user behaviour.  The 
liability for the planning remains with the responsible technical planners, and the liability for 
the implementation lies with the appropriate construction  management.  The Passive 
House Institute logo may only be used in connection with certificates. 

Additional quality assurance of the construction work by the certifying body is particularly 
expedient when the construction  management has no experience with the modernisation of 
existing buildings using Passive House components. 

We reserve the right to adapt criteria and calculation procedures to advancing technical 
development. 
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nZEB OFFICE RETROFIT PROJECT

Zinc / powder-coated aluminium parapet flashing.

300mm Foam-glass insulation to existing RC upstand beam)

Wild-flower planting / sedum in100mm soil layer, on root barrier / drainage membrane

20mm Asphalt roofing membrane, on 3 layers of 100m Foam-glass flat roof insulation
(joints to overlapping boards staggered), on Vapour Barrier / Airtight membrane laid on
existing reinforced concrete flat roof, 1:80 falls to drainage outlets

20mm Asphalt upstands at all edges of flat roof

Photovoltaic panels fixed at 30º incline (south-facing) on stainless steel support frames

Ventilated metal panel rain-screen cladding, fixed with thermal-
bridge free resin anchors / mechanical fixings to existing

concrete structure

300mm (3 overlapping layers) Foam-glass T4 external
insulation slabs bonded to concrete structure with Primer Coat

Continuous external air-tight membrane / vapour barrier

25mm toughened, laminated glass shading fins (with solar
control interlayer), fixed back to RC structure with Schock

thermally broken stainless steel connection brackets

Triple Glazed “Passiv” aluminium windows with thermally
broken frames. Window U-Value - 0.75 W/m2K

Solar control blinds - automated (BMS) with manual override

Existing concrete waffle slabs
exposed & sandblasted

Continuous external air-tight layer to
building envelope to provide 1.0
ACH-1 @ 50 Pa

Wind funnel / aerofoil to passive
stack vents

Opening vents/windows with rain
louvres and acoustic baffles,
controlled by BMS and manual
override

Opening vents/windows with rain louvres and acoustic baffles,
controlled by BMS (night-purge ventilation) and manual override

LTHW Radiators to provide back-up
Space Heating

Low Energy Lighting & Room
Equipment Strategy

Birch Ply window board

nZEB RETROFIT STRATEGY

Optimised Lighting Strategy: (1) Centre strip LED lighting to central circulation routes (100 lux), (2) Combined Task and background lighting
(300 lux), user controlled from individual work stations with daylight sensors and dimming controls (3) Reflective coffered ceiling surfaces
providing ambient background light and visual interest to space.

2. OPTIMISED DAYLIGHTING:

3. LOW ENGERY LIGHTING STRATEGY (1.6 W/m2 100 lux):

Daylight Strategy: (1) Glare zone (desk work areas set-back from perimeter), (2) Office working areas with good daylight distribution
(200-500 lux), (3) Circulation and ancillary spaces to central zone with lower daylighting levels (>200 lux).

    SUMMER -  existing energy performance

4. ROOM EQUIPMENT (PLUG) LOAD REDUCTIONS (7.3 W/m2 ):

5. SOLAR CONTROL (40% GLAZING RATIO + VERTICAL SHADING FINS):

West facade - solar shading study - 4pm 21st June

7. UTILISED THERMAL MASS (SUMMER COOLING):

Exposing the concrete structure's thermal mass - Increased thermal capacity combined with Night-Time Purge Ventilation can be used to
passively cool the building during Summer, reducing peak internal temperatures by up to 6ºC

8. NAT VENT STRATEGIES (SUMMER COOLING):

10. MECHANICAL SERVICES STRATEGY:

(1) Airtight & super-insulated building envelope minimise heat losses, (2) Thermal Mass stores passive heat gains (3) Early morning solar
gains, (4) Space Heating is mainly by passive gains from Occupants, Room Equipment, Electrical Lighting, and Solar Gains, (5)
Supplemented when required by low temperature hot water radiators, (6) MVHR system supplies offices with constant fresh air at low level
through the raised floor plenum,  warmed via a heat exchanger by the extract air, with CO2 monitoring and control, (7) Ceiling mounted
extract duct extracts return air to MVHR units on each floor.

Typical Floor Plan - Nat Vent Strategies: (1) Cross ventilation encouraged by open plan offices with opposing opening vents (2) Multiple
window openings at high & low levels encourage localised stack effect (3) Stair cores with motorised roof vents utilised as passive stack
“chimneys”  (4) Ventilation chimneys to west facade.

(1) Solar gains minimised by external shading, (2) Lighting loads minimised by efficient LED light fittings, with daylight and occupancy
responsiveness, (3) Room Equipment heat gains minimised by low energy equipment and "Plug-Load" management, (4) Exposed thermal
mass modulates cooling loads, (5) Large opening vents provide Summer Ventilation Cooling - automatically opened at night to provide
night purge cooling, (6) The mainly open-plan office spaces, and increased floor-ceiling height, allows for cross ventilation as well as
localised stack effect. Natural Vent strategies are supplemented if required by the MVHR system (7) operating in bypass mode.

Low energy PCs & equipment

Plug Load Controls (occupancy / time controls)

Reduce “Phantom Loads”

Remote Server Rooms, with localised cooling

Post Occupancy monitoring

45% Reduction in Plug Loads

40% reduction in heat gains

nZEB OFFICE RETROFIT - AER LINGUS H.O.B. EXISTING BUILDING ENGERY ANALYSIS DYNAMIC SIMULATION MODELLING

Arising from the Recast European Performance
of Buildings Directive 2010/30/EU, from January
1st 2021 every new building in Ireland will have
to be designed to near zero energy building
standards (nZEB) - meaning buildings with an
ultra low energy demand for heating, cooling,
ventilation, light and power, and with this
residual energy demand being met mainly by on
site or nearby Renewable Energy Sources.

The project investigates a range of low-energy
retrofi t measures for the upgrade and
refurbishment of an existing multi-storey office
building to the nZEB standard. The subject
building is the old Aer Lingus Head Office
Building, located at Dublin Airport, Swords, Co
Dublin.

The study was carried out using a range of
energy performance analysis tools including
Design Builder Dynamic Simulation Software.
The study was both an investigation into low-
energy building retrofit design, as well as a
study of the Dynamic Simulation tool itself.

The focus of the project was to explore Passive
Architectural Solutions to deliver optimal “load
reductions” - By engineering the fundamental
form and envelope of the building correctly to
exploit passive heating, cooling, ventilation and
lighting resources, the greatest reductions in
overall energy use can be achieved.

The total Annual Energy Demand for the
retrofitted office building has been reduced by
over 70%, Annual Space Heating Demand
reduced by nearly 90%, and internal comfort
conditions for the building maintained without
the need for Air Conditioning.

1. FABRIC & GLAZING UPGRADES (PASSIVHAUS ENERPHIT STANDARD):

Existing Building BER nZEB Retrofit BER

(1) High Electrical Lighting (uncontrolled) & Room
Equipment Loads resulting in internal heat gains.

(2) Solar Heat Gains (East/West highly glazed
facades without shading / solar control).

(3) Limited scope for Nat Vent cooling (limited
opening windows, no cross ventilation or stack
effect, low floor-ceiling heights).

(4) Thermal Mass of structure unavailable to help
modulate cooling loads.

    WINTER -  existing energy performance

    Existing Building Simulation Analysis - Heat Gains & Losses

 Existing Building Simulation Analysis - Overheating Summer Design Week  Annual Energy Use Dynamic Simulation Inputs & Output results - Ventilation, Annual Energy Use, Loads, & Heat Gains

DANIEL  COYLE  BA(Hons) BArch  MRIAI  ARCHITECT
DUBLIN SCHOOL OF ARCHITECTURE, DUBLIN INSTITUTE OF TECHNOLOGY, BOLTON STREET, DUBLIN 1      info@danielcoylearchitects.ie    MSc ENERGY RETROFIT TECHNOLOGY  DT774b

D1

A2

Aerial View of existing Airport Office Building

KEY TO 3D FLOOR LAYOUT

1 - Open-plan offices
2 - Meeting Room.
3 - Lounge Area
4 - Recreation Area
5 - Supply Air Vents in Floor
6 - Internal Passive Stack Chimney (existing riser)
7 - Acoustic Louvres to ventilation chimney
8 - Opening Vents (Night-purge vent controlled by
BMS)
9 - Opaque Glass Shading Fins
10 - LTHW convector radiators
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Dynamic Simulation Schematic - Modelling a complex reality

DESIGN PROPOSAL

RENEWABLE ENERGY (PV ARRAY):
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Fig. 3 - Design Builder Simulation - Schematic Diagram of Inputs & Outputs.
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User Inputs Climate Data Building Geometry

1. Site:!
Location (Lat, Long). 
Altitude. 
Exposure to Wind. 
Ground Conditions. 
Region (Energy Standards).!

2. Activity (Occupancy):!
Occupancy Schedule. 
Occupancy Density (p/m2). 
Metabolic Rates (Heat & C02). 
DHW Consumption Rate. 
Heating, Cooling & Ventilation 
Setpoints + Setback Temps. 
Min Fresh Air (l/s per person) 
Lighting - Target Lux Levels 
Computers & Equipment - 
Gains & Schedule. 

Shape, Size, Floor Heights 
Floor Areas (Occupied) 
Window & Door Openings 
Orientation. 
Ground Adjacency. 
Adiabatic Surfaces. 
Surrounding Blocks. 
Shading Objects & Overhangs 

3. Construction (Fabric):!
Construction Fabric build up 
& U-Values. 
Surface Convection. 
Internal Thermal Mass. 

4. Openings (Glazing):!
Glazing build up & U-Values. 
Glazing Light, Solar & Heat. 
transmittance (SHGC). 
Glazing Ratios.  
Frame dims. & U-Values. 

5. Electrical Lighting:!
Lighting Efficiency. 
Lighting Control (Responsive). 

6. HVAC (Systems):!
Mechanical Ventilation 
System. 
Heating Systems. 
Cooling Systems (Air-Con). 
DHW System. 
System Efficiencies (CoP). 
System Fuels.  
Natural Ventilation. 

+ +

!
Energy +  

Simulation Engine

Simulation Results & Analysis

Annual Analysis Hourly Analysis

Total Annual Energy (kWh) 
Total Annual Energy by Use 
Heating & Cooling Loads 
Hours of overheating (%) 
Fabric & Ventilation Losses 
Total Internal Gains (kWh) 
Fluctuating Climate - Temp., 
Wind Speed, Wind Direction, 
R.H. Solar Energy 

Summer Design Week 
Winter Design Week 
Peak Heating Load 
Peak Cooling Load 
Operative Temperatures 
Internal Gains (W/m2) 
Comfort - Internal Temps. 
Overheating - Peak Temps. 
Ventilation & Infiltration 

Daylighting Analysis

Daylight Factor (% DF) 
Daylight Illuminance (Lux) 

Heating + Cooling

Design Heating Loads 
Design Cooling Loads 

+ +

Existing reinforced concrete structure exposed (Thermal Mass
used for Summertime cooling)

Raised access floor for services

MVHR supply air-ducts with adjustable floor diffusers

9. PASSIVE HEATING STRATEGY (WINTER):

6. PASSIVE COOLING STRATEGY (SUMMER):

(1) Large Ventilation Heat Losses (Nat Vent & Mech
Ventilation without heat recovery).

(2) Infiltration Heat Losses (the building envelope is
very leaky).

(3) Glazing Heat losses (Glazing and Frame
losses).

(4) Fabric Heat Losses (very poor fabric U-Values +
lots of Linear Thermal Bridging).

EXISTING BUILDING
(TYPICAL 2-BAY)

DEMOLITIONS -
RETAINED STRUCTURE

RETROFITTED
STRUCTURE

EXISTING BUILDING - Bird's Eye View from South-East RETAINED STRUCTURES - 750 m3 Concrete & Steel reinforcement = 500 Tonnes of CO2 PROPOSED RETROFITTED BUILDING - Passive Stack Chimney Vents

3D CUTAWAY PLAN OF 3-BAY OFFICE FLOOR

OFFICE FLOOR PLAN          1:250

Perspective View From South

Jeepers, it's damn hot
and stuffy in here....

Phew, that's better already.....
mmm nice concrete too

Wow, so comfortable! I love
working here now....

45 kWh/m2

151 kWh/m2


