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CHAPTER 1:  INTRODUCTION

1.1 Introduction to Passivhaus
1.2 The five principles of passivhaus
1.3 Climatic Data for parametric analysis PHPP
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The definition of Passivhausis driven by air quality and
comfort: "A Passivhausis a building in which thermal
comfort can be achievedsolelyby post-heating or post-
coolingthe fresh air flow requiredfor a good indoor air
quality, without the need for additional recirculationof
air." - PassivhausInstitut (PHI)

1.1 Introduction to Passivhaus

Requirements

(2016)

All of the PH requirements were duly met by iteration of
the thermal envelope, architectural façade &
construction details of the chosen building .
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1.2 The five principles of Passivhaus

The following five basic principles apply for the 
construction of Passive Houses:

Thermal insulation
All opaque building components of the exterior 
envelope of the house must be very well-insulated. For 
most cool-termperateclimates, this means a heat 
transfer coefficient (U-value) of 0.15 W/(m²K) at the 
most, i.e. a maximum of 0.15 watts per degree of 
temperature difference and per square metre of 
exterior surface are lost.

Passive House windows
The window frames must be well insulated and fitted 
with low-e glazingsfilled with argon or krypton to 
prevent heat transfer. For most cool-termperate
climates, this means a U-value of 0.80 W/(m²K) or less, 
with g-values around 50% (g-value= total solar 
transmittance, proportion of the solar energy available 
for the room).

Ventilation heat recovery
Efficient heat recovery ventilation is key, allowing for a 
good indoor air quality and saving energy. In Passive 
House, at least 75% of the heat from the exhaust air is 
transferred to the fresh air again by means of a heat 
exchanger.

Airtightness of the building
Uncontrolled leakage through gaps must be smaller 
than 0.6 of the total house volume per hour during a 
pressure test at 50 Pascal (both pressurisedand 
depressurised).

Absence of thermal bridges
All edges, corners, connections and penetrations must be 
planned and executed with great care, so that thermal bridges 
can be avoided. Thermal bridges which cannot be avoided must 
be minimised as far as possible.
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1.3 Climatic Data for parametric analysis PHPP
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CHAPTER 2:  VARIANT -01 (BASECASE)

2.1 Introduction to the selected project zone
2.2 Assembly details ²Wall, Roof, Floor U -Values
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2.4 Simulated Annual Heating Demand Results - Design PH 
2.5 Annual heating demand and heating load - PHPP
2.6 Cooling Loads - PHPP
2.7 Verification Summary
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2.1 Introduction to the selected project zone

In order for the building to comply with the Passivhaus standards a specific
residential part of the building was selected as illustrated in the image below.
The 24 apartments were selected in order to initiate an architectural and
environmental response to the building units and lower the heating and cooling
demands of the desired space.
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2.2 Assembly details ²Wall, Roof, Floor U -Values

Layer Thickness(m

m)

Conductivity(W/

mk)

Resistance(m2K/

W)

Polyurethane 10 0.025 0.40

Concrete 300 1.400 0.21

Polyurethane 10 0.025 0.40

U-value (W/m2K) 0.84

Wall
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2.3 Glazing Details & Summer Ventilation
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2.4 Simulated Annual Heating Demand Results - Design PH 
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2.5 Annual heating demand and heating load - PHPP

Heating Load PHPPAnnual Heating PHPP
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2.6 Cooling Loads - PHPP
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2.7 Verification Summary

As seen in the
final verification
sheet for variant
01 none of the
Passivhaus
standards were
met therefore we
need make the
envelope better .

The basecase
Variant 01 
doesn’t work!  
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CHAPTER 3:  VARIANT -02 (PH MATERIALS)

3.1 Assembly details ²Wall, Roof, Floor U -Values
3.2 Glazing Details & Summer Ventilation
3.3 Simulated Annual Heating Demand Results - Design PH 
3.4 Annual heating demand and heating load - PHPP
3.5 Cooling Loads - PHPP
3.6 Verification Summary
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3.1 Assembly details ²Wall, Roof, Floor U -Values

FABRIC IMPROVEMENT PH 
STANDARD MATERIALS
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3.2 Glazing Details & Summer Ventilation

PASSIVHAUS STANDARD 
GLAZING U –VALUE = 0.8W/m 2K

Frequency of 
overheating 58.6%, 
which is currently 
very high. Shall be 
reduced using 
specific ventilation 
& cooling measures.
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3.3 Simulated Annual Heating Demand Results - Design PH 

DECREASE IN HEATING 
DEMAND OBSERVED
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3.4 Annual heating demand and heating load - PHPP
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3.5 Cooling Loads - PHPP

HIGH COOLING LOADS 
OBSERVED
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3.6 Verification Summary

THREE PASSIVHAUS 
PARAMETERS MET



CHAPTER 4:  VARIANT -03 (ARCHITECTURAL INTERVENTION)
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4.3 Materials, Construction Details, Fabric U -Values
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North

Average 
daylight 
factor: 1.6%

Average 
daylight 
factor: 2.6%

Average 
daylight 
factor: 2.8%South

West

4.1 Façade intervention with solar heat gain and lighting analysis
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4.2 Modeling the intervention in SketchUp with Design PH interactive details

The architectural intervention fabrication was implicated to decrease the amount of solar heat gain
from the south western side while still allowing the light to ingress from the east side. The
mechanism could then be tested by Design PH to further enhance the orientation system of the
window . The lighting testing done in IES showed that the intervention could reduce the solar heat
gain during the summer time period by a significant amount .
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4.3 Modeling the intervention in SketchUp with Design PH 
interactive details
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4.4 Treated Floor Area - Blowup

TREATED FLOOR 
AREA: 1716 m 2
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4.5 Assembly details ²Wall, Roof, Floor U -Values

PASSIVHAUS MATERIALS 
RETAINED
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4.6 Glazing Details & Summer Ventilation

PH GLAZING RETAINED
U= 0.8 w/m 2K



Student Name: 
Syed Asmar Ul
Hassan
Xin Huang

Project Name:
Idea Studio Milan

University Name:
University of 

Nottingham

4.7 Simulated Annual Heating Demand Results - Design PH 

After the architectural intervention slight increase in heating 
demand was seen, however the cooling loads were the 

major target of the new façade intervention.
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4.7 Solar Thermal System

40% SOLAR HEAT 
CONTRIBUTION
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4.7 Solar Thermal System
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4.8 Cooling Loads - PHPP

SIGNIFICANT REDUCTION IN 
COOLING LOADS –NEW FAÇADE!

The cooling loads which were very 
high for the months of Jun, July, Aug 
have drastically dropped after the 
architectural intervention was 
implemented.
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4.8 Primary Energy - PHPP

PRIMARY ENERGY DEMAND <120
REQUIREMENT MET
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4.8 PHOTOVOLTAIC ENERGY GENERATION - PHPP

5438 kWh/a ENERGY 
GENERATED
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4.9 Verification Summary

PASSIVHAUS 
PARAMETERS MET

The architectural
intervention with
the façade proved
to reduce the
cooling loads
significantly .
Therefore the
parameters were
met.
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5.1 Assembly details ²Wall, Roof, Floor U -Values

HIGH ISO FABRIC 
MATERIALS IMPLEMENTED
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5.2 Glazing Details & Summer Ventilation
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5.3 Simulated Annual Heating Demand Results - Design PH 

High ISO materials caused the heating demand of 
the building to lower down from 5.7 to 2.8 

kWh/m 2a in the current situation. The overall 
fabric showed a much increased performace .

REDUCTION IN ANNUAL 
HEAT DEMAND
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5.4 Annual heating demand and heating load - PHPP
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5.5 Cooling Loads - PHPP

REDUCED ANNUAL 
HEATING LOADS
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Frequency of 
overheating reduced to 
7.3% by using efficient 
measures. 

5.6 Cooling system & Summer Ventilation
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5.7 Verification Summary

PASSIVHAUS PARAMETERS 
MET WITH MORE MARGIN
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VARIANT 01 VARIANT 02 VARIANT 03 VARIANT 04

Annual heating demand: 29 kWh/m 2a
Annual cooling demand: 40 kWh/m 2a
Frequency of overheating: 34.4%

Result : High heating and cooling 
demand, far from meeting PH 
requirements.

Annual heating demand : 4 kWh/m 2a
Annual cooling demand : 32 kWh/m 2a
Frequency of overheating : 58.6%

Changes : Developed structure 
material

Result : Reduced heating (met 
requirement) and cooling 
demand(not met), cooling still need 
to be improved, Height level 
overheating frequency.

Annual heating demand : 5 kWh/m 2a
Annual cooling demand : 2 kWh/m 2a
Frequency of overheating : 15.4%

Changes : Building façade, PV, Solar 
Thermal, Night Ventilation, Energy 
Recovery Ventilation. Mechanical 
cooling: recirculation air, additional 
dehumidification

Result : Heating , Cooling, Energy 
requirements met but overheating 
frequency still 5% more than limit.

Annual heating demand : 2 kWh/m 2a
Annual cooling demand : 2 kWh/m 2a
Frequency of overheating : 7.3%

Changes : Higher U -value,
Supply air cooling, additional 
dehumidification
Heat pump 20% covered fraction for 
space heating demand

Result : All requirements met.

Component U-Value
W/m 2K

Wall 0.84

Roof 0.51

Floor 0.35

Glazing 5.8

Window
Frame

0.75

Component U-Value
W/m 2K

Wall 0.15

Roof 0.15

Floor 0.25

Glazing 0.8

Window
Frame

0.75

Component U-Value
W/m 2K

Wall 0.15

Roof 0.15

Floor 0.25

Glazing 0.8

Window
Frame

0.75

Component U-Value
W/m 2K

Wall 0.11

Roof 0.074

Floor 0.129

Glazing 0.65

Window
Frame

0.48


