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ASHRAE is a Registered Provider with The American Institute of Architects 
Continuing Education Systems. Credit earned on completion of this 

program will be reported to CES Records for AIA members. Certificates of 
Completion for non-AIA members are available on request.

This program is registered with the AIA/CES for continuing professional 
education. As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the AIA of any material of 
construction or any method or manner of handling, using, distributing, or 
dealing in any material or product. Questions related to specific materials, 

methods, and services will be addressed at the conclusion of this 
presentation.
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Course Description

Energy waste from fossil fuel usage is very high in developing economies 
countries. Increased heat transfer through building fabric, seldom use of 
energy efficient equipment, lack of building codes and regulations to 
reduce energy consumption are the main courses.  

This presentation provides and over view of how to reduce energy waste 
by utilising ASHRAE Standards 90.1, 189.1, 62.1, & 55 and achieve 
reduction in carbon foot print. 

5

Reducing Carbon Footprint of Buildings in Developing Economies
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Learning Objectives

After attending to this lecture, participants will be able to: 

1. Explain how building fabric U values are calculated & achieve ASHRAE 

Standards 90.1 targets to reduce heat transfer.  

2. Describe the method of calculating minimum ventilation load, complying 

with ASHRAE Standards 62.1  

3. Describe how ASHRAE Standards 90.1 used to Select minimum efficiency 

requirement for HVAC equipment to reduce carbon foot print of buildings. 

4. Identify energy saving control strategies in HVAC system incorporating 

Building Management System to reduce carbon foot print of buildings.
6
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Carbon Footprint

7

The mitigation of carbon footprints through the 
development of alternative projects, such as solar or 
wind energy or reforestation, represents one way of 
reducing a carbon footprint and is often known as 
carbon offsetting.

The total amount of greenhouse gases produced 
to directly and indirectly support human activities, 
usually expressed in equivalent tons of carbon 
dioxide (CO2).  

CO2 Emission per year for electricity (kg CO2e/yr) = use (kWh/yr) * EF (kg CO2e/kWh)  
  
EF is the Emission Factor which depend on how you generate electricity

7
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Using Equation 5, apply the default emissions factor to the project’s annual fuel 
consumption to determine the building’s greenhouse gas footprint is 
determined, expressed in metric tons of CO2 equivalent (CO2e).

Carbon Calculations
Carbon calculations are carried out by LEED associate 
professionals 

8
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Emission Factors

9

04/17/2019

Carbon Footprint of a House 

10

A single story house of 2,435 ft2 has an 
annual power consumption of 4,283 kWh. 

Carbon footprint = 4283 kWh x 2.51x10-4 

         = 1.1 Mt CO2e

Item Month kWh
1 January 337
2 February 329
3 March 350
4 April 387
5 May 364
6 June 306
7 July 306
8 August 306
9 September 492
10 October 351
11 November 383
12 December 372

Total	 4,283

Carbon 
Footprint 
Calculations

10
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Reducing Carbon Footprint

11

In this presentation we focus on reducing carbon 
footprint by decreasing building energy consumption 
in relation to HVAC systems. 

The most common way to reduce the carbon 
footprint of humans is to Reduce, Reuse, Recycle. 

Three arrows on the logo represent reduce, reuse & 
recycle.

11
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Example: Seylan Towers in Colombo Sri Lanka

4/07/2016 12

Month-Year Total	Kwh Total	Amount	(Rs)
Annual	power	
consumption	

(kWH)

CO2	

Emission	
Factor

GEG	
Emissions			
Mt	CO2e

Jan-2012 377758 7,984,677.80

Feb-2012 353564 8,479,814.52

Mar-2012 398450 10,328,993.75

Apr-2012 378996 9,884,029.50

May-2012 422320 10,937,140.00

Jun-2012 404678 10,505,437.25

Jul-2012 412357 10,672,273.38

Aug-2012 417438 10,807,832.25

Sep-2012 401395 10,421,805.63

Oct-2012 424697 10,986,390.88

Nov-2012 400179 10,413,023.63

Dec-2012 395303 10,262,109.13 4,533,096 2.51x10-4 1,137.8

Carbon emissions during 
year 2012 = 1,137.8 Mt CO2

12
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Month-Year Total	Kwh
Total	Amount	

(Rs)

Annual	
power	

consumpti
on	(kWH)

CO2	

Emission	
Factor

GEG	
Emissions			
Mt	CO2e

Carbon	
footprint	
reduction		

by

%

Jan-2016 271246 6,232,009.25 Sep-2015 New	Chiller	Plant	Installed

Feb-2016 255315 5,915,845.00

Mar-2016 276569 6,344,002.50

Apr-2016 271371 6,269,732.50

May-2016 281192 6,459,864.20

Jun-2016 269084 6,196,917.30

Jul-2016 248702 5,745,178.15

Aug-2016 257764 5,920,749.10

Sep-2016 246441 5,690,581.20

Oct-2016 254034 5,843,047.45

Nov-2016 247001 5,710,037.15

Dec-2016 256949 5,928,255.55 3,135,168 2.51x10-4 787.1 350.8 31%

Carbon emissions 
during year 2016    
= 787.1 Mt CO2e 

(in 2012=1,137.8 Mt CO2e) 

Reduction 
350.7 Mt CO2e

Carbon footprint 
Reduction 31%

Achieved by 
changing from 
screw chillers to 
Magnetic bearing 
chiller with 
dedicated BMS

Example: Seylan Towers in Colombo Sri Lanka
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Steps to Reduce Carbon Footprint

14

1. Reduce heat transfer by selecting Building fabric U-values 
as per ASHRAE Standard 90.1 

1.Find the climate zone 
2.Apply U-values for selection of building fabric 

2. Minimise ventilation load by using calculations complying 
ASHARE Standrad 62.1 

1.Breathing Zone air volume calculation 
2.Verify with simulations for resultant RH% & comply with 

ASHARE standard 55 

3. Minimise ventilation load in high occupancy areas as per 
ASHRAE Standard 90.1 

1.Applying DCV as per ASHRAE Standard 90.1 
2.Use of energy recovery  

14
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How to Reduce Energy Consumption in 
Commercial Buildings

15

4. Select equipment with minimum efficiencies requirement 
complying with ASHRAE Standard 90.1 

1. Use of minimum efficiency for water chillers, commercial 
package units, VRF units 

2. Use of performance requirements for heat rejection 
equipment  

3. Use of fan power limitation 
4. Use of minimum duct & pipe thermal insulation R-values 

5. Use of energy control strategies utilising BMS 

15
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Climate Zone

Apply ASHRAE Standard 90.1; find the climate zone & building 
envelope requirements. 

There are 0 to 8 climate zones for all countries in the world described in 
the 90.1 

1. First find the appropriate climate zone for the country.  

2. Then find the thermal criteria for the particular climate zone

16
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International Climate Zones

Climate zones 
Appendix 1, Table 
annex 1-4 provides 
the international 
climate zones . Refer 
Table A-3 for climate 
zone definitions.

17

Bangalore climate zone is 1A.  
Zone 1 is Very Hot, A- for Humid.  
Thermal criteria is 5000 < CDD 10°≤ 6000

17
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ASHRAE Standrad 169-2013 
Climate Data for Building Design Standards

18

Thermal Climate Zone as a function of Heating & 
Cooling Degree-days

18
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Thermal Climate Zone Definitions

19
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World Climate Zone Map
ASHRAE Standard 169-2013

4/07/2016 20

20
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1. First find the appropriate climate zone for the 

country.  

2. Then find the thermal criteria for the particular 

zone Then find the particular building envelope 

requirements  

3. Find the assembly maximum U-values  

4. Find the insulations minimum R values  

21

Building Envelope Requirements

21
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When it is colder on one side of an envelope element, such as a wall, roof, floor or 
window, heat will conduct from warmer side to colder side.  Heat conduction is 
driven by temperature difference and represents a major component of the heating 
& cooling load calculations.  

U-Factor (W/m2K) 
The U factor is  the rate of steady-state heat flow. 
In SI units, it is the amount of heat in Watts that 
flows through a one square meter area with 
one degree Celsius temperature difference.  

R-Value (m2K/W) 
R-value is the thermal resistance to heat flow. 

U = 1/R  (W/m2K) 
R = R1 + R2 + R3+….Rn

22

Understanding U-factor & R-Value

22
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U-factor 
Calculations

Roof-U

23
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Wall-U

U-factor 
Calculations

24
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Building 
Envelope 
Requirements
Building envelope 
requirements  
for Climate Zone-1A     
(Very Hot-Humid).            
Ex. Bangalore, India.

25

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= w/m2K

IP

25
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U-values  
for Roofs 
ASHRAE 90.1
Building envelope 
requirements  
for Climate Zone-1A     
(Very Hot-Humid).            
Ex. Bangalore, India.

26

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= w/m2K

IP

U-0.272

SI UNITS

U-0.232

U-0.153

All then design comply with 90.1 should achieve 
above U values for the 3 roof types.

26
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U-values  
for Walls, 
above grade 
ASHRAE 90.1
Building envelope 
requirements  
for Climate Zone-1A     
(Very Hot-Humid).            
Ex. Bangalore, India.

27

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= w/m2K

IP

U-3.293

SI UNITS

U-0.533

U-0.505

All then design comply with 90.1 should achieve 
above U values for walls above grade.

27
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U-values  
for Walls, 
below grade 
ASHRAE 90.1
Building envelope 
requirements  
for Climate Zone-1A     
(Very Hot-Humid).            
Ex. Bangalore, India.

28

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= w/m2K

IP

U-6.472

SI UNITS

All then design comply with 90.1 should achieve 
above U values for walls below grade.

28
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U-values  
for Floors, 
ASHRAE 90.1
Building envelope 
requirements  
for Climate Zone-1A     
(Very Hot-Humid).            
Ex. Bangalore, India.

29

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= w/m2K

IP

U-1.828

SI UNITS

U-1.987

U-1.601

All then design comply with 90.1 should achieve 
above U values for all floor types.

U-4.144

U-5.791

29
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Sample Building Envelope U-values

ROOFING W/m2K
concrete slab 150mm 2.26
concrete slab 150mm + acoustic tile 1.03
concrete slab 150mm +PS insu 0.58
asbostso roof + MF ceiling  1.39
asbostso roof 3.04
Tile roof + MF ceiling 1.18
Tile roof 2.22
Zi/Alum Roofing 5.88
Zi/Alum Roofing + GW 50mm 0.83
Zi/Alum Roofing + GW 50mm + 
Acoustic tile 0.57

WALLS
Brick wall + plaster 1.84
cement hw  block wall + plaster 2.38

TYPICAL U-VALUES OF BUILDING ENVELOPE-SRI LANKA TARGET U-VALUES – 90.1

W/m2K

0.222

0.153

0.233

3.293

30
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Wall Constriction 

There are four classes of above grade walls: 
mass walls, metal building walls, steel 
framed walls & wood and other walls. 

Like roofs, criteria for walls are expressed in 
either R-value criteria given for the 
insulation alone or U-value criteria for entire 
assembly. R-value criteria is the easiest way 
to comply.  

Mass walls are heavy weight walls weighing 
more than  25 Ib/ft2 (122 kg/m2) 

 Normal density wall: heat capacity 7.0 
Btu/hr/ft2F (143 KJ/m2C) 
Lighter density wall: heat capacity 5.0 
Btu/hr/ft2F (102 KJ/m2C)

31

Walls

Mass Walls

31
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Mass Walls

Thermal insulation of walls in climate zone-0, is not 
required by 90.1

Walls-Insulation Resistance

32

Wood framed & other Walls
wood framed & other buildings minimum 
R-value is 13

32
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Sustainable, high thermal resistance material 
for opaque walls

AAC concrete walls for high thermal resistance 

AAC 
Autoclaved 
Aerated 
Concrete

33
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Autoclaved Aerated Concrete

34
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Specifications of 
AutoclavedAerated Concrete

35
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Comparison of AAC Block, Brick & 
Cement Hollow Block

36
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Roof Constriction Types 

COOL ROOFS are recommended for roofs with 
insulation entirely above deck and metal building 
roofs. In order to be considered a cool roof for 
climate zones 0-3 the following conditions apply: 

1. The roof has a high reflectance. The high 
reflectance keeps much of the sun’s energy from 
being absorbed. 

2. The roof has a high thermal                                              
emittance. The high emittance                                            
radiates away any solar energy                                                  
that is absorbed, allowing the                                                      
roof to cool more rapidly.

4/07/2016 37

Roof Structures

Roof, insulation entirely 
above deck

37
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Roofs, Insulation Entirely above Deck

The insulation entirely above deck should be 
continuous insulation (c.i.) rigid boards because 
there are no framing members present that would 
introduce thermal bridges or short circuits to bypass 
the insulation

Insulation : R-20 climate zone -1A

To achieve R-20 insulation, we 
need 5” thick PS insulation with    
k= 0.26 
IP units 
R   = thickness/K 
20 = X / 0.26 
     = 20 x 0.26 = 5 
 Thickness 5” 

SI Units R20 = 3.52 (m2·K)/W    
R        = thickness/K 
3.52   = X/0.037 
          = 3.52 x 0.037 
          = 0.13024 m 
          = 130mm = 5”

Roof Structures Insulation Resistance

38

38
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Insulation & Vapor retarders

39

Thermal insulation for flat roofs with concrete slab

39
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Sound insulation and sound 
absorbing panel in mineral 
fiber.

Insulation & Vapour retarders

40
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Roofs, Metal Buildings

In climate zones 1 and 2, the recommended construction 
is (b) R-19 insulation batts draped perpendicularly over 
the purlins. Thermal blocks are then placed above 
the purlin/batt, and the roof deck is secured to the purlins.

Insulation : R-10+R-19 FC  Climate 
zone-0 

                (FC= filled cavity)

To achieve R-10 
&19 insulation, we 
can use 3” & 
5”thick Rock 
wool-Batt  
insulation k= 0.26 

R = thickness/K 
   = 3 / 0.26 
   = 11.5 
       R-11.5 

SI units 
R = 0.125/0.037 
   = 2.0 
      R-2.0 

R = thickness/K 
   = 5 / 0.26 
   = 19.23 
       R-19 

R = 0.125/0.037 
   = 3.37 
      R-3.37

Roof Structures

41
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Insulation & Vapor retarders

42

Thermal insulation for 
pitched roofs

42
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Roofs, Attics & Other Roofs

Attics and other roofs include roofs with insulation entirely below 
(inside of) the roof structure (i.e., attics and cathedral ceilings) and 
roofs with insulation both above and below the roof structure.  

Ventilated attic spaces need to (a) have the insulation installed at 
the ceiling line.  

Unventilated attic spaces may have the insulation installed at the 
roof line.  
When suspended ceilings with removable ceiling tiles are used, (b) 
the insulation performance is best when installed at the roof line.

Insulation : R-38 for Climate Zone-0

Roof Structures

43

To achieve R-38 insulation, we 
need 10” thick Rock Wool Batt 
insulation with    k= 0.26 
IP units 
R   = thickness/K 
38 = X / 0.26 
     = 38 x 0.26 = 9.8 
 Thickness 10” 

SI Units R38 = 6.69 (m2·K)/W    
R        = thickness/K 
6.69   = X/0.037 
          = 6.69 x 0.037 
          = 0.247 m 
          = 247mm = 10”

43
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Insulation & Vapor retarders

44

Thermal insulation for pitched roofs

44
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Insulation & Vapor retarders

45

Thermal insulation for 
pitched roofs

45
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Vertical Glazing

The mandatory provisions require that the fenestration and doors rated using section 5.8.2 
of the standard. Four (04) fenestration performance characteristics are significant in the 
standard.    

1.U-factor 
2.Solar heat gain coefficient (SHGC) 
3.Visible transmittance (VT) 
4.Air leakage  

U-factor does not consider solar gains through the fenestration; this is addressed by the 
SHGC or the SC. 

Solar heat gain Coefficient (SHGC) 
Is the trio of solar radiation that passes through the fenestration to the amount of star 
radiation that falls on the fenestration.  

Visible Transmittance (VT) 
VT is the ratio of light passing through the glazing to light passing through perfectly 
transmissive glazing.

Fenestration & Doors

46

46

04/17/2019

Building Envelope Requirements

Building envelope 
requirements for  
Climate Zone-1A 
(Very Hot-Humid). 
Ex. Bangalore

47

Fenestration

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= W/m2K

IP

47
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Building Envelope Requirements

Building envelope 
requirements for  
Climate Zone-1A 
(Very Hot-Humid). 
Ex. Bangalore

48

Fenestration

Conversion factors 

English to SI 
1 Btu/h·ft2 ·◦ F = 5.678 W/m2·K 

SI to English 
1 W/m2 ·K = 0.1761 Btu/·ft2·◦F 

U= W/m2K

IP

U-2.839

SI UNITS

U-3.520

U-4.712

U-3.974

48
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Visual Light Transmission (VLT)

49
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Window-Wall Ratio (WWR)

For any given WWR selected between 20% and 40%, the recommended values 
for U-factor and SHGC contribute toward the 30% savings target of the entire 
building. 

Vertical Glazing (Envelope)

A reduction in the overall WWR 
ratio will also save energy, 
especially if glazing is significantly 
reduced on the east and west 
façades. Reducing glazing on 
east and west facades for energy 
reduction should be done while 
maintaining consistency with the 
needs for view, daylighting, and 
passive solar strategies..

50
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What is Low-e Glasses
Low-e glasses called low emissivity glasses 

51
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Low-e glass windows are shown right. Normal plane glasses for windows have a 
U-factor of 5.9 W/m²K. 
Low e- glasses U-factor is down to 1.4 W/m²K

What is Low-e Glasses

52
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Always avoid glazing which faces east & west.

Low-e Glasses with  

Exterior Shading

53
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Interior & Exterior Shading devices 

Interior shading devices are not considered for 
compliance in Standard 90.1.  

The most effective way to control solar heat gains 
through windows is to intercept the sun before it strikes 
the window. 
Exterior shading devices are considered; 

1. horizontal or vertical fixed position louvers 
2. movable louvers 
3. Sun-Screens

Interior & exterior Shading Devices

54
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Solar Heat Gain Is Most Effectively Controlled on the Outside of the Building

Exterior Shading Devices

55
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Reduce Energy 
Consumption of 

Heating, Ventilating 
& Air conditioning 
(HVAC) Equipment

56

Apply ASHRAE Standard 90.1 to find 
minimum efficiency requirements of  HVAC 
equipment.  

56
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HVAC-Minimum Efficiency Requirements

57

Path-A 
has a higher Full load metrics 
and lower IPLV metrics 

Path-B 
has slightly lower full-load 
efficiency metrics and higher 
IPLV. 

The intent is that pathA is for 
full-load intensive applications 
and path-B is targeted at part-
load intensive applications. 

Compliance is either path-A or 
path-B, but full-load metric & 
IPLV metric must be complied 
with.

57
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Minimum efficiency requirements 
kW/TR Ratings for chillers

Efficiency of Chillers

kW/TR = Power input kW 
   Cooling Capacity TR  
            
COP   = 3.516/ kW/TR  

Part load COP is given as IPLV. 

IPLV stands for Integrated part load Value at AHRI 

standard conditions. When customized conditions are 

used, Non-standard Part Load Value (NPLV) is used.

58
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IPLV/NPLV Defined 

Part load performance can be presented in terms of Integrated Part Load Value (IPLV), which is based on ARI 
standard rating conditions (listed above), or Non-Standard Part Load Values (NPLV), which is based on specified 
or job site conditions. IPLV and NPLV are based on the following equation from ARI 550/590.

Integrated Part Load Value

59
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Chiller Plant Efficiency 

Ways of achieving high performance

60
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Tri - Rotor screw chiller

High Efficient Chillers

 Tri – Rotor Screw Compressor is shown in figure 1. This 
particular design is a variable speed compressor that 
operates from 50 to 500 tons. Suction and discharge 
ports are identified. Unloading of the compressor is 
achieved by simply reducing the speed of the 
compressor 

The compression process for the tri – rotor is 
accomplished with a set of rotors shown in figure 2. 
This particular set has a lobe combination of 8 flutes 
on the male and 6 flutes on both females. An 
equivalent size twin screw set is shown in figure 3. 

Efficiencies up to 0.52 kW/TR full load & 0.33 kW/TR 
IPLV

61
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High Efficient Chillers

 A oil free magnetic bearing centrifugal 
compressor is shown in figure 2. Two stage 
centrifugal compressor has two impellers 
connected to a permeant magnet synchronous 
motor.  
   
Magnetic bearings use a combination of radial 
and axial bearings, position sensors, bearing 
controller, and bearing power source to levitate 
and align the shaft. 

ASHRAE study (Research Project 751) concluded 
that typical lubricated chiller circuits show 
reductions in design heat transfer efficiency of 
15-25%, as lubricant accumulates on heat transfer 
surfaces, denatures and blocks normal 
thermodynamic transfer processes. Logically, no 
oil in your chiller means no oil contamination over 
time, so design efficiency is maintained effortlessly.

MAGNETIC BEARING OIL FREE CENTRIFUGAL COMPRESSOR CHILLERS
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HVAC-Minimum Efficiency Requirements-ASHRAE 90.1

63

EER = Cooling Capacity Btu/hr  
           Power input W 

SEER = EER / 0.875 

Single-phase Equipment

63
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HVAC-Minimum Efficiency Requirements ASHRAE 90.1

4/07/2016 64

EER = Cooling Capacity Btu/hr  
           Power input W 

SEER = EER / 0.875 

Three-phase Equipment

64
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HVAC-Minimum Efficiency 
Requirements- ASHRAE 90.1

65

VRF SYSTEMS
EER = Cooling Capacity Btu/hr  
           Power input W 

SEER = EER / 0.875 

65

04/17/20194/07/2016 66

COOLING TOWERSOpen-circuit Towers 
Water flow rating / Fan motor power 
Closed-circuit Towers 
Water flow rating / (Fan motor power+Spray pump power

HVAC-Minimum Efficiency Requirements ASHRAE 90.1
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L/s = CFM x 0.4719

AIR HANDLING UNITS

HVAC-Minimum Efficiency Requirements ASHRAE 90.1

67
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DUCT INSULATION

HVAC-Minimum Efficiency Requirements ASHRAE 90.1

68
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PIPING INSULATION

Conversion factors 

English to SI 
1 Btu.in/h·ft2 ◦F = 0.1442 W/mK 

Insulation-K 
0.0302 to 0.0389 W/mK 

HVAC-Minimum Efficiency Requirements ASHRAE 90.1
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Indoor to out door   differential 
concentration should not be grater than 
700 ppm of CO2

Determine the Minimum 
Ventilation Air Flow Rate

ANSI/ASHRAE Standard 62.1 2016,  
Ventilation for Acceptable Indoor Air Quality 
                               & 
ANSI/ASHRAE Standard 62.2 2016,  
Ventilation and Acceptable Indoor Air Quality 
In Low-Rise Residential Buildings

Apply ASHARE Standard 62.1 to 
determine the minimum ventilation flow 
rate. Use ventilation rate procedure.
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Outdoor Air Flow Calculation

71
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Minimum Ventilation Rates

72
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Minimum 
Ventilation 
Rates
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Minimum 
Ventilation 
Rates

74
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Ventilation Controls for High Occupancy Areas

1415 L/s

75
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DCV-Demand Controlled Ventilation Using CO2

CO2 sensor coupled to a controller operates 
the Volume control damper of fresh air duct 
OR 
Operates the VFD of the fresh air fan to vary 
the air flow rate to conserve energy.

Duct Mount Carbon Dioxide 
Transmitter monitors the 
occupancy in a room by detecting 
the concentration of carbon 
dioxide in the return air duct

76
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Rotary Enthalpy Heat 
Exchanger

A heat exchange enthalpy wheel, 
has a revolving cylinder filled with 
an air-permeable  medium with a 
large internal surface area.   

Heat transfer media may be 
selected to recover both sensible & 
latent heat.  

Because cross contamination can 
be detrimental, purge section can 
be installed to reduce carryover. 

Air-to-Air Heat Recovery 
Enthalpy Wheels

77
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Energy Recovery Ventilator (ERV)

Energy recovery ventilators are 
frequently used in certified Green 
Buildings.  

They are used to reduce energy 
consumption in outdoor fresh air for 
ventilation.  

ERV unit external installation
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De-humidification Heat Pipe 
with Zero energy input

Wrap-around de-humidification non controlled heat 
pipe (DHP) use for re-heating fo the air leaving 
evaporator for de-humidification with zero energy 
input. 

These were used successfully in world second Passive 
House rated building in Sri Lanka, to maintain relative 
humidity down to 52~54% without control.

79

04/17/2019 80

Equipment Power
Devices carrying the Energy Labels, such as computer products and 

peripherals, kitchen appliances, buildings and other products, 

generally use 20–30% less energy than required by federal standards. 

80
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Lighting- Automatic on/off Function

81

Use of occupancy sensors 

The standard restrict “auto-on” and 
encourages “auto-off”

 1. Mandatory requirements  
A.  All specifications of material should be 

authenticated by manufactures labels, third party 
certifications for standard and non-standard    
   equipment. 
B. Automatic switch off  

 2. Prescriptive value of Lighting power densities 
allowances for interior and exterior applications should 
be complied based on space by space method or  
building category method. 

    3. Emergency, equipment,  security lighting minus 
wattages
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Lighting

82

As a minimum energy 
efficiency standard, 
section 9 Lighting, sets 
the maximum allowable 
interior & exterior lighting 
power allowed for 
buildings. 

Building Area method 
This assigns a single 
interior lighting power 
density (LPD) in W/ft2 
(W/m2) based on the 
building type as shown 
in Table 9.5.1 
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Energy Saving Utilising BMS

83
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Building Management System (BMS)

84

BMS is an essential component in reducing carbon foot print of buildings.

1. It controls connected plants to maintains pre-set requirements 

of the building such as temperature & RH set points. 

2. Monitors Inputs such as temperature readings and process 

them using digital controllers (DDCs) to give control outputs 

(such as on/off signals) back to the building. 

3. All the subsystems of the building are interconnected and 

information is passed across them using the DDC network.   

84
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✓ HVAC Systems 

✓ Access Control System 
✓ Fire Alarm System 

✓ Lifts and Escalators 

✓ Compressors 
✓ Power Distribution 

system

✓ Lighting Systems 
✓ Car Park System 
✓ Water Pumps 
✓ Generators 
✓ PABX Systems 
✓ Security System 
✓ UPS Systems 
✓ Others ….

A BMS Typically Monitor and Control 
Following Subsystems of a Building
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Typical BMS Output Screen
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Chilled Water Reset

❑ If building operates at part load, 

CHW temperature can be increased 

by few degrees. 

❑CHW rest operation reduces pump 

saving associated with variable-flow 

CHW pumping systems 

❑Each degree of CHW reset, reduces 

chiller energy costs by 1%~1.5%

88
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Temperature reset (chilled water reset)  

When latent loads in the conditioned space are reduced, it 
may be possible to reset the leaving chilled water temperature 

set point to a warmer temperature thereby reducing 
compressor power usage and saving energy.  

Three reset options are offered. With any chilled water reset 
application, humidity control should be considered since 

higher coil temperatures will reduce latent capacity.  

For details on applying a reset option, refer to the Controls, 
Start-Up, Operation, Service and Troubleshooting guide.

Chilled Water Reset
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6.5.4.3 Chilled and Hot Water Temperature Reset 
Controls.  
Chilled and hot water systems with a design capacity 
exceeding 88 kW supplying chilled or heated water (or 
both) to comfort conditioning systems shall include 
controls that automatically reset supply water 
temperatures by representative building loads (including 
return water temperature) or by outdoor air temperature. 

Exceptions to 6.5.4.3: 
(a) Where the supply temperature reset controls cannot 
be implemented without causing improper operation 
of heating, cooling, humidifying, or dehumidifying 
systems. 
(b) Hydronic systems, such as those required by 6.5.4.1 
that use variable flow to reduce pumping energy.

ASHRAE Standard 90.1

Chilled Water Reset
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Fan Cycling

❑   Fan cycling is an option for constant volume systems 

❑   BMS is required to monitor and control the fan cycling option
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Duty Cycling

❑   purpose of duty cycling is to avoid setting unnecessary electrical demand        
 peaks caused by synchronised equipment on-times 

❑   BMS is required to monitor and control the duty cycling option

92
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Optimum Start/Stop

❑   The optimum start/stop strategy can lower 

utility cost by reducing the operating time of  

HVAC equipment 

❑  The control system specified (BMS) must be 

capable of monitoring and controlling the entire 

HVAC system 

❑  The control system should be capable of 

‘learning’ from previous building operation 

experience to optimize equipment operating time 

on a daily basis.
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6.4.3.2.3 Optimum Start Controls. Individual heating 

and cooling air distribution systems with a total design 

supply air capacity exceeding 5000 L/s, served by one 

or more supply fans, shall have optimum start controls.  

The control algorithm shall, as a minimum, be a function 

of the difference between space temperature and 

occupied set point and the amount of time prior to 

scheduled occupancy.

Optimum Start/Stop
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Unoccupied Ventilation (Night Purge)

❑   During night-time cold outdoor air brought in to pre-cool the building 

❑   the control system used must be capable of monitoring ambient & indoor temperature 
and /or enthalpy, as well as controlling the air supply system
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Electrical Demand 
Limiting

❑   A good way to lower electric utility bills may be to adopt an electrical demand limiting 

control strategy that restricts HVAC demand 

❑   This is implemented by a BMS, when electrical demand exceeds a predetermined 

value, BMS temporally increase zone set point.

96
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ASHRE WEATHER DATA
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Sample Cooling Load

Single story building with 2,000 m2 area used for office.  

Construction; 
Floor: area 66m x 30m 
Walls: normal brick either side plastered, height 3m 
Windows: aluminum with thermal break, 2mH x 3mL, west-10 Nos, east-10Nos. 
Glasses: 6mm regular plate, operable,  
Roof: Concrete  
Occupancy: 50 P, activity office worker 
Computers: 50 
Lights: 1.5 W/m2 

Factors 
U-glass = 7.01 W/m2K, SC = 0.94 
U-wall  =  
U-roof  =  
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Scenario-1
Building with normal 
construction 

Walls: Brick 
Windows: aluminum  
Glasses: 6mm 
regular plate 
Roof: Concrete 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 
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Scenario-1

Building with normal 
construction 

Walls: Brick 
Windows: aluminum  
Glasses: 6mm 
regular plate 
Roof: Concrete 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 

100
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Building with normal 
construction 

Walls: Brick 
Windows: aluminum  
Glasses: 6mm 
regular plate 
Roof: Concrete 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 

Psychrometric 
Analysis Scenario-1
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Scenario-2
Same building with 
energy saving 
construction 

Walls: AAC 
Windows: aluminum  
Glasses: 6mm Low-e 
DGU 
Roof: Concrete with 
thermal insulation 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 
Ventilation: Heat 
Recovery with ERV
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Scenario-2

Same building with 
energy saving 
construction 

Walls: AAC 
Windows: aluminum  
Glasses: 6mm Low-e 
DGU 
Roof: Concrete with 
thermal insulation 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 
Ventilation: Heat 
Recovery with ERV
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Psychrometric 
Analysis Scenario-2

Same building with 
energy saving 
construction 

Walls: AAC 
Windows: aluminum  
Glasses: 6mm Low-e 
DGU 
Roof: Concrete with 
thermal insulation 
occupancy: 50 P 
Computers: 50 
Lights: 1.5 W/m2 
Ventilation: Heat 
Recovery with ERV

104
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Energy reduction 
obtain from 
cooling load 
only. 

Efficient AC 
equipment 
selection further 
reduces the 
energy 
consumption. 

This results in 
reducing carbon 
foot print of the 
building

Summery of Results

Scenario-1 Scenario-2 Reduction

Total Cooling Load 93 kW 36.1 kW 61%

Sensible Load 66.4 kW 27.4 kW 58%

Supply Air 4626 L/s 1,859 L/s 59%

Fresh Air 725 Ls 725 L/s 0%

Solar load-windows 21,585 W 5,887 W 72%

Window Transmission 5,651 W 1,478 W 73%

Wall Transmission 5,846 W 1,604 W 72%

Roof Transmission 11,248 W 3,849 W 65%

Ventilation -Sens 6,089 W 1,359 W 77%

Ventilation -Lat 23,533 W 5,759 W 75%
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This building 
comprises of  
High Efficient 
chillers, Variable 
Air Volume 
(VAV)airside, 
Primary constant, 
variable 
secondary 
central chilled 
water system & 
energy recovery 
for all airside 
zones utilizing 
Energy Recovery 
Ventilators ERV

EXAMPLE-1
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EXAMPLE-2
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Q & A

108
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