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Introduction

Self Introduction

1995 - 1998 Ph.D., The University of Leeds, Leeds, UK.
2014 Certi�ed Energy Auditor (No. 90208),

The Association of Energy Engineers (AEE), USA
2004 - to date Professor, Dept. of Mechanical Engineering, BUET.
Feb, 2014 - Feb, 2016 Head, Dept. of Mechanical Engineering,BUET.
Feb, 2012 - Aug, 2014 Director, Centre for Energy Studies, BUET.
2013 - 2015 Member, WG on Energy & Carbon-Footprint,

International Organization for Standardization (ISO)
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Introduction

Fuels & Energy: Primary, Delivered & Useful

T1277

Calori�c equivalents of main types of fuels.

T1278
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Introduction Bangladesh Energy Scenario

Energy Supply: IEA 2019

TES

Total Energy Supply = 1808505 TJ (by source)
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Introduction Bangladesh Energy Scenario

Energy Consumption: IEA 2019

TFC

Total Final Consumption = 1393249 TJ (by sector)
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Basic Vapour Compression Refrigeration System

T266

� 
QH = 
QL + 
W C

� COP R = Desired Output
Required Input = QL

W net , in

� COP HP = Desired Output
Required Input = QH

W net , in

T144

T641
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Minimum Performance (ASHRAE 90.1)

type COP IPLV
Vapour Compression System:
Air cooled, with condenser, capacity < 150 ton 2.7 2.8
Air cooled, with condenser, capacity > 150 ton 2.5 2.5
Air cooled, condenserless, all capacity 3.1 3.2
Water cooled, reciprocating, all capacity 3.8 3.9
Water cooled (screw & centrifugal) < 150 ton 3.8 3.9
Water cooled (screw & centrifugal) 150< < 300 ton 4.2 4.5
Water cooled (screw & centrifugal) > 300 ton 5.2 5.3
Vapour Absorption System:
Air-cooled, single-e�ect 0.45 -
Water-cooled, single e�ect 0.60 -
Double-e�ect 0.95 1.0
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Integrated Part-Load Value (IPLV)

� COP or EER:

IPLV = 0.01A + 0.42B + 0.45C + 0.12D

� kW/ton:

IPLV =
1

0.01
A + 0.42

B + 0.45
C + 0.12

D

A � COP or EER or kW at 100% capacity
B � COP or EER or kW at 75% capacity
C � COP or EER or kW at 50% capacity
D � COP or EER or kW at 25% capacity
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

T1457
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Vapour Absorption Refrigeration System

T1388
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

T267
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Refrigeration, Air-Conditioning & Heat Pump Heat Pump

Heat Pump

T1451

T1452

� COP R = QL
W net ,in

= 5
2 = 2.5

� COP HP = QH
W net ,in

7
2 = 3.5

� 7 kW electrical heating needs7 kW
electricity.

� 2 kW electricity is needed using heat pump.
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Refrigeration, Air-Conditioning & Heat Pump Heat Pump

T1456

T1453
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Refrigeration, Air-Conditioning & Heat Pump Heat Pump

T1454

Boiler is not the only heat source. Explore alternatives.
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Refrigeration, Air-Conditioning & Heat Pump Heat Pump

T1455

Environmental balance sheet
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Boilers

Boiler / Steam-Generator
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Boilers

T1458
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Boilers

T1459
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Boilers

T1460 T1461

� Minimise �ue gas oxygen levels without producing smoke or
excessive levels of unburned carbon.

� A 2% point reduction in �ue gas oxygen level leads to fuel saving
of 1.2%.

� E�ciency is reduced by around 1% if �ue gas temperature is
increased by 20oC over the normal operating temperature.

� Consistent and accurate TDS control reduces boiler blow-down.
Saves 1-2% of fuel.
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Compressed Air System

Compressed Air System

T1462 T1161

� 10 x more expensive than electricity

� Leakages

� Pressure drops, poor pressure control

� Compressors not matched to demand

� Frequent start-ups and unloaded running

� Heat recovery opportunities ignored

T1160
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Compressed Air System

Compressed Air - survey results

� 600 compressors in 8 countries

� Average size 300 kW (10 - 5500 kW)

� Leaks were 20% ave

� Savings potential was 30% ave

� 90% - pressure too high

� 80% - over capacity

� 70% - air treatment problems

� 20% - undersized pipes

Plenty of opportunities to save energy / costs
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Compressed Air System

Components of Compressed Air System
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Compressed Air System
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Compressed Air System

� Leak reduction is very low-cost opportunity

� 20% savings of total running cost is often achievable
� Air Leakage - typical culprits

� Leaking hoses, couplings
� Condensate drains, valves
� Pipes, joints and �anges
� Pressure regulators
� Lack of interlocked isolation valves on machines
� Air tools left connected when not in use

T1463
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Compressed Air System

Energy saving opportunities for a typical industrial CA sys tem
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Compressed Air System
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WHR Applications

Gas Turbine Cycle

C GT G

CC

1140oC
630oC

240 MW

Q

T1340
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WHR Applications

Rankine Cycle

G ST

HE

P

540oC

140 MW

Q
SG

Q

T1341
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WHR Applications

Combined Gas Turbine + Rankine Cycle

C GT G ST

CC
HE

P

1140oC
630oC

540oC

240 MW
140 MW

HRSG
Q

Q SG

T = ?

T1342
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WHR Applications

Engine Waste Heat Recovery using ORC

T1156
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WHR Applications

ORC + Absorption Refrigeration System

T1157
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WHR Applications

Combined Heat and Power (CHP) & WHR

� CHP plants achieve a signi�cant degree of energy e�ciency by
simultaneously generating electricity and heat.

T1158
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WHR Applications

Combined Heating, Cooling and Power

� Overall e�ciency is further improved by tri-generation - using
additional absorption chillers to convert waste heat into cooling.

T1159
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Building Energy E�ciency

EE&C Potential of Home Appliances
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EE potential in Residential Sector is estimated 28.8.%

© Dr. Md. Zahurul Haq (BUET) Energy, E�ciency and Conservation 1 February 2022 35 / 39

Building Energy E�ciency

Public Building Energy Use Intensity (EUI) analysis

WB-08

75-85 kW/m 2/yr is for one star, and 45 kWh/m 2/yr for �ve star
building in India.
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Building Energy E�ciency

Overall Energy Consumption (%) by end use
application

WB-09
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Building Energy E�ciency

Energy Saving Potential on Overall consumption

WB-10
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Building Energy E�ciency

Thanks a Lot
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