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Overall Thermal 
Transfer Value 
(OTTV) standard, was first 
introduced in 1995 
and was tightened in 2011. 
 
Extent of Application: 
Commercial buildings 
(office, retail), and hotels  
 
 
 
 
 
 
 
 
 
 
 
 
 



Rising energy 
consumption trend in 
residential sector 
leading to increased 
carbon emissions 
 
The Carbon Challenge: 
 
Residential sector 
Accounting for 25% 
of total electricity 
consumption of HK 
(second largest 
sector) 

HK Challenges 



50s 60s 80s 00s 

2008 
>5,300 Megajoule per Capita 

1970 
>1,900 Megajoule 
per Capita 
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Dry Bulb Temperature (ºC) 

Humid Sub-tropical 
Climate 

Dense Built Context 
HK Challenges 

Design for Thermal 
Comfort 
 
1. Air Movement 
2. Solar Shading Control 
 
 

Concerns about 
Environmental Conflicts 
 
Air Quality 
Noise Pollution 
Heat Emissions etc. 



PUBLIC 
Building-Related Energy 

22% [1,300 kWh/household/yr] 

PRIVATE 

Space Conditioning 22% 
[1,400 kWh/household/yr] 

Cooking Hot Water 

Others 

Lighting 8% 
[500kWh/household/yr] 

Refrigeration 

Building-Related Energy 

30% [1,900 kWh/household/yr] 

Energy Use in Residential Flat 
Annual Energy Use in HK in 2008 (EMSD: HK Energy End-use Data 2010) 

Cooking 

Hot Water 

Others 

Refrigeration  

Space Conditioning 16% 
[950 kWh/household/yr] 

Lighting 6% 
[350 kWh/household/yr] 



WWR / 
Glass (VLT) / 

Window 
Height / 
Room 
Layout 
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Window 
to Wall 
Ratio 

(WWR) 

Glass 
(SC) 

Absorptivity U-Value Thermal 
Mass 

Orientation External 
Shading 
(ESC) 

Design Parameters on Building-design-
related Energy Use for Residential Buildings 



Guidelines 

focus on New residential 
buildings 
 
energy efficiency / use related 
to design and construction of 
building fabric 
 
energy efficiency / use in 
operational phase 



APP-156 

Effective Date: 

1 April 2015 



RTTV 
Residential Thermal Transfer Value 

NVTC 
Natural Ventilation 

1 



External walls of the all 
enclosed spaces of 
residential units, except 
those of bathrooms & 
enclosed kitchens 

Wall Areas to be included in 
RTTVwall calculations 



Key Difference with OTTV 
Default Operation and Occupancy Patterns for 
Residential Buildings 
Independent Suitable Values for Roof and Wall     
 
Exclusions 
Internal shading devices, such as draperies and blinds; 
Solar reflection or shading from adjacent developments; 
and Use of energy-efficient building services equipment 
and appliances. 
 

Average Heat Gain per  
Unit Facade / Roof Area 

Conduction  
Through  
Opaque 

Wall / Roof 

Conduction  
Through  

Glazing 
 

Radiation  
Through  

 

Glazing 
 

RTTV   



Conduction  
Through  
Opaque Wall   

 
Window to Wall Ratio 
 

 
 
Gw :  
 
 

 
WWR: 
 

 
 
Wall Orientation Factor 
 

      

= [41.75 WWR x SC x ESC x Gw] + [3.57(1-WWR) x Uw 
x α x Gw] + [0.64 WWR x Uf 

x Gw] 

Conduction  
Through  
Glazing 

Radiation  
Through  
Glazing 

 
 
Uw: U-value of the opaque wall 
α   : Absorptivity of the wall 
 
 

 
 
  
SC  : 
ESC: 
 

 
 
Shading Coefficient 
Shading Coeff. of External 
Shades 
 

 
 
 
Uf : 
 
 
 

 
 
U-value of the glazing 
 
 
 

RTTVwall Calculation Formula 

RTTVwall   



 
 
  
SCr: 
 
 

 
 
Shading Coeff. of 
Skylight Glazing 

 
 
Gs :  
 
 

 
 
U-value of the 
skylight glazing 
 
 
 

Conduction  
Through  
Roof 

 
 
Ur: U-value of the roof 
αr: Absorptivity of the roof 
 
 

 
 
Skylight to Roof Ratio 
 

 
SRR : 

Roof Orientation Factor 
 

      

= [41.10(SRR)(SCr)(Gs)]       +      [3.47(1-SRR) Ur αr Gs]       +    [0.40(SRR)UslGs] 

Conduction  
Through  
Skylight 

Radiation  
Through  
Skylight 

 
 
 
Usl : 
 
 
 

RTTVroof Calculation Formula 

RTTVroof   



Sensitivity Tests  
RTTV 

One of the pre-requisites for the granting of GFA concessions under PNAP APP-151 :-   
 
RTTVWall <=  14 W/m2  &  RTTVRoof  <= 4 W/m2 ; 
  

 



Glass External Reflectance  ≤ 20% 

Visible Light Transmittance  ≥ 50% 
Daylight & Glare Control 



Incentive for Effective Sunshade 

For projection 
> 500 and ≤ 1500mm (facing N) &  
> 750 and ≤ 1500mm (facing others), 
 OPF not less than 0.2 or 0.5 

respectively 
 Not causing obstruction to prescribed 

windows 
 

For projection 
≤ 500mm (facing N [NNW to NNE]) &  

≤ 750mm (facing other orientations)  
* For sunshades within re-

entrant less than 4.5m, the 
projection should not be 

more than 500mm 



Complex Shading & Self-Shading 
Equation:  
  

ESC =(∑Er∙ID+Id)/(∑ID+Id) 
  
ESC: External Shading Coefficient 
Er: Ae/A is the fraction of area exposed to direct  
 solar radiation 
ID: Direct solar radiation for a specific time given in tables 
Id: Diffuse solar radiation for a specific time given in tables 

 
 



Deemed to Satisfy RTTV Criterion 

Simplicity 

Category 

Average Values Deem to 
Satisfy 

Criteria for 
SC [Facade] 

Average 
SC 

[Facade] WWR Absorptivity* 

NNE to NNW 
(Category A) 0.38 0.37 ≤ 0.56  0.45 OK 

NNW to NNE 
(Category B) 0.53 0.30 ≤ 0.59 0.57 OK 

Average  
WWR  
= 0.53 

Average 
Absorptivity  
= 0.30 

Average SC 
Facade  
= 0.57 

Facade Facing NNW to NNE (Category B) 

N 

A 

B 

* Any ONE external finish material applied on the facade 
in one orientation constituting more than 60% of the 
gross wall area can be regarded as dominant and its 
absorptivity can be taken as the average absorptivity of 
the facade in that orientation for compliance check on 
Deemed to Satisfy RTTVwall Criteria 



RTTV 
Residential Thermal Transfer 

Value 

NVTC 
Natural Ventilation 

2 



Adaptive Comfort Model 
A

ir 
S

pe
ed

 (m
/s

) 

Operative temperature (oC) 

ASHRAE 55; CLO 
= 1.0 

ASHRAE 55; CLO 
= 0.5 

Ngetal 2005, 
Khodari 2000 



Effect of Window Size 
A

ir 
S

pe
ed

 (m
/s

) 

Window Area / Floor Area 

Cross Ventilation  
Experimental Data 

Single Side Ventilation 
Experimental Data 



Formulation 
100% of rooms that comply with the 
prescriptive test for Cross Ventilation 
have  AAWV > 0.4m/s 

60% of rooms that pass with the 
prescriptive test for Single-sided 
Ventilation  
have  AAWV > 0.4m/s 

Air Speed (m/s) 

Air Speed (m/s) 
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Flat 7 

Flat 7 



Cross Ventilation NVC 

∙ ∙ 
A 

∙ B ≤ 90° 

∙ 

∙ ∙ 
0.75m 

  

 

 

W3 

≤ 12m 



Single-Sided Ventilation NVSS 

≤ 4.5m 
 

EXP 

NP 

≤ 4.5m 
 

EXP 

∙ 

∙ 

∙ W3 

W1 

∙ 

Case 1 Case 2 



Single-Sided Ventilation NVSS 



Francis Yik et al (2002) “Influence of a depth of a recessed space to flow due to air-conditioner heat rejection” 

A/C A/C 

A/C A/C 

1.5 m 

Heat Emissions 
from Air-conditioners 

Required width to dissipation 
heat generated by AC 

 
Width of AC Platform 

0.75m 1.0m 1.5m 

EXP 
≥4.5m 

≥2.3m 

SWP 

NP 

A/C 
Outdoo
r Units 

≤4.5m 

∙ ∙ 

∙ 



Simplified 
Simulation 

Method 

Site Specific  
Simulation           

Method 
Process CFD building 

model to assess 
internal conditions 
with standard wind 
conditions 

CFD building & 
neighbourhood model 
to assess external & 
internal conditions with 
realistic local wind 
profiling 

Features 
capture 

Building layout, 
building features 
that affect NV 
potential 

Building layout, 
building features, 
neighbourhood 
massing / topography, 
local wind conditions 
that affect NV potential 

Alternative Approach 
Methodology for NVTC 

Performance-based Approach 



Sensitivity Tests 
NVTC Compliance Check 



Potential Energy Saving 
RTTV  

RTTV W/m2 
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Life Cycle Costing 



Conference Organisation 

Thank you. 
Welcome your comments / questions. 
 
(Please send to mk.leung@hkgbc.org.hk) 
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