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Introduction

Self Introduction

1995 - 1998

Ph.D., The University of Leeds, Leeds, UK.
2014 Certified 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)

© Dr. Md. Zahurul Haq (BUET) Energy, Efficiency and Conservation 1 February 2022 3/39

Introduction

Fuels & Energy: Primary, Delivered & Useful
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Introduction Bangladesh Energy Scenario

Emnergy Supply: IEA 2019

Natural gas: 59.1% —\

T coal: 9.2%
S ¥ Renewable Energy: 0.1%
ES Biofuels and waste: 18.3% ————/ \; ol 13.2%

Total Energy Supply = 1808505 T'J (by source)

\
Hydro: 0.2% /\\
N

O
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Introduction Bangladesh Energy Scenario

Energy Consumption: IEA 2019

Transport: 12.2% Agriculture / forestry: 0.4%

Commercial and public services: 3.7% jl

,_— Industry: 33.1%

Residential: 43.7% —
"X \——— Non-energy use: 4.4%

Non-specified: 2.5%

—
=

Total Final Consumption = 1898249 TJ (by sector)

D)
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Basic Vapour Compression Refrigeration System
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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-effect 0.45 -

Water-cooled, single effect 0.60 -

Double-effect 0.95 1.0 @
© Dr. Md. Zahurul Haq (BUET) Energy, Efficiency and Conservation 1 February 2022 8/39




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

Integrated Part-Load Value (IPLV)

e COP or EER:

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

* kW /ton:
1
IPLV =

001 , 042 | 045 , 012

A T Bttt
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

© Dr. Md. Zahurul Hag (BUET) Energy, Efficiency and Conservation 1 February 2022 9/39

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

Conventional model Energy efficient model

Price = BDT 65,000

—
0

400 kWh / year

Price = BDT 48,000

1,000 kWh / year

+ Cost difference = BDT 17,000
* Annual saving of 600 kWh = 5,400 BDT/year (@ 9 Taka/unit)
1.3 Payback period = 3 years

~+ Annual net benefit of BDT 5,400 from 4th year onwards. i
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Vapour Absorption Refrigeration System

Oy

Condenser
Expansion i
P - Wcompressor
valve ‘

Compressor

Oy

(a) Standard vapor-compression refrigeration.
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P =W compressor
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um
valve pump

B
QL/ Absorption unit

T1388 (b) Absorption vapor-compression refrigeration.
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Refrigeration, Air-Conditioning & Heat Pump Refrigeration & Air-Conditioning

Rectifier Generator
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Refrigeration, Air-Conditioning & Heat Pump Heat Pump

driving energy

2 kW electricity is needed
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Heat Pump

$?§§

7

thermal heat

low
temperature
heat eat pump
T1452
L] = L — 5 o
COPg W = 2 2.5
* COPyp = 2117 =35
HP Wnet,in 2 :
® 7 kW electrical heating needs 7 kW
electricity.
[ ]

using heat pu
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Refrigeration, Air-Conditioning & Heat Pump

Heat.

dissipation

e

Heat Pump Operation—Heating Mode
Reversing valve

Outdoor
) coil

Heat Pump

High-pressure steam Low-pressure steam
Work P

60°C W0C peat

Condenser Evaporator

Expansion
valve

High-pressure liquid
e “ gas-liquid two phases

@

il e

=== High-pressure liquid

=== Low-pressure liquid—vapor

=== Low-pressure vapor
T1458mm High-pressure vapor

0

Low pressure, low temperature, and

Heat Pump Operation—Cooling Mode

Reversing valve
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Refrigeration, Air-Conditioning & Heat Pump  Heat Pump

Lighting /
Motor

m
[}
Q
1
<
a

Air heating /
Hot water
supply

washing
Heating /
Drying

Motor
Air
conditioning /
Hot water
upply

Hot water
washing

T1454 Saet
Production process
Bozler is not the only heat source.
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H : Induction Heater

Ezplore alternatives.

1 February 2022 15 /39

Refrigeration, Air-Conditioning & Heat Pump

conventional electricity

assumption
power stati
€O, emissior
heat pump COP: 3.5

0.2 kg/a emissions of R404A

efficiency: 38 %

green electricity
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Heat Pump

HFC refrigerant
0.65 t CO,

HFC emissions
converted to
€O, equivalents

HFC-free refrigerant

Enuvironmental balance sheet

Energy, Efficiency and Conservation

primary energy
(natural gas)

natural gas heating

10MWh 6\

10MWh

thermal heat
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Natural Gas

Combustion
Gases

Boilers

Boiler / Steam-Generator

Tube Sheet

Baffle

Hot Gas Chamber

(Heated Tubes Submerged in Water)

Boler o
‘steam drum

| Downcamer

~— Feedwater

Lower or mud drum

Boilers

Fire tube boiler

" Fire tube boiler
VA )
-»@7 @7
=
oo o e v

Once-through
The rest water =Waste heat |

@7 =) @7'

!h/
| Water | >
aounn fonnn

Cup
Boiling a small kettle with water required is better

Heating

Technique/method Energy saving potential* T Once-through
Operation and maintenance of boilers Up to5% boilers
Boiler and burner management systems, digital combustion Upto 5% Water holding L
controls and oxygen trim capacity ow
Economisers Upt05% Time required to
generate steam Short .
Blowdown heat recovery Up to 4%
Heat loss Low High
Combustion air preheating Upto2%
Water treatment and boiler water conditioning Upt02% l l
Total dissolved solids (TDS) control and boiler blowdown Upt02% -
Energy saving / High Low |
Flue-gas shut-off dampers. Upto 1% Design efficiency 9
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Boilers Boilers
(%) 80
®Standard 25
State of combustion 70 |temperature
" " " - g o 60 o5
Once-through boiler Fire tube boiler Water tube boiler < 2 S
i 2 [ Heat losses due g A
Outline drawing N, ° fo excess air ——, g 50
© B =
8 2 F
I = g
48 g |
23 % 3 ® 0
by : 4000
3
g g 2 ’_//-— —_/M
0 T
10 __—___ﬁ'c—-———_
i 100C
. 0 . 0
1460 1 Air-fuel ratio T1461 1011 12 13 14 15 16 17 18 19 20

Design
efficiency

98%

88 -92%

85-92%

Load following

Multiple Installation with MI

The boiler has a large water

The boiler has a large water content.

capability control enables the boilers to content. Because of its self- Because of its self-evaporation, it
follow the load. evaporation, it responses well to responses well to load changes and
load changes and has a good has a good stability.
stability.
Qualified None Required Required
person ( Boiler engineer ) (Boiler engineer)
(In Japan)
Operation Continuous monitoring is not Continuous monitoring is required, Continuous monitoring is required,
Monitoring required. by a qualified person in principle. by a qualified person in principle.
(In Japan)
Performance None Required Required
1459 check
(In Japan)
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e Minimise flue gas oxygen levels without producing smoke or
excessive levels of unburned carbon.

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

e Efficiency is reduced by around 1% if flue gas temperature is
increased by 20°C 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

I ‘
@ =
Py

‘/
T1167T ﬁ'\,; \\

Cal

® 10 x more expensive than electricity

° Maintenance Installation
Leakages o \ VT
° Capital \/
Pressure drops, poor pressure control 18% "
® Compressors not matched to demand
. \\Energy
® Frequent start-ups and unloaded running 10 73%
® Heat recovery opportunities ignored
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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

receiver tank

air filter

pressure
flow

controller . distribution lines

end p

@) aftercooler

@ inlet filter

compressor

T1344
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Compressed Air System

Check compressor:
* QOil level.

* Temperatures.

* Filters.

« Drive belts.

* Coolers.

Check treatment system:
* Pressure drops.

= Dewpoint.

* Refrigerant pressure.

* Drain traps.

Check distribution system
* Pressure.

* Leaks

* Lubrication.

* Filters.

* Drains.

* Valves.

Check point of use

* Pressure.

* Air quality.

© Leaks.

Compressor

. Afterdilter
{dryer)

5
P brain line
)~ system

Air receiver
(local)

User process (large intermittent
demand for compressed air)
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Compressed Air System

® Leak reduction is very low-cost opportunity

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

Leaking hoses, couplings

Condensate drains, valves

Pipes, joints and flanges

Pressure regulators

Lack of interlocked isolation valves on machines

Air tools left connected when not in use

Diagnosis and how

A compressor was
operated ata discharge
pressure of 0.7 MPaata
site of air use although
necessary pressure was

Compressor discharge
pressure setting: 0.7 MPa
farmuslpewsrconsumption:
33,000 kWhiyear)

Reduced power consumption:

3,300 kWhlyear

0.55 MPa!

Setting change

0.7Mpa wep 0.61Pa

1.61 t-CO2/year

Compressor discharge
pressure setting: 0.6 MPa

"Annual power
consumption:
Reduction by

10%

T1463
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Compressed Air System
Energy saving opportunities for a typical industrial CA system

Potential Investment®
savings®

Management Actions

Raise the awareness of all users to the proper use of compressed air 10-15% Low
Develop and implement a maintenance programme for the whole system 5-8% Low
Install metering and implement monitoring 5-10% Medium
Use only trained and competent personnel for installation, servicing

and system upgrades 5-10% Low
Develop and implement a purchasing policy 3-5% Low

Technical Actions

Implement a leak reporting and repair programme 20-40% Low
Do not pressurise the system during non-productive periods 2-10% Low
Fit dryer controls (refrigerant and desiccant) 5-20% Medium
Install compressor drive and system control measures 5-15% Medium

Install heat recovery measures where appropriate Up to 75% Medium
"Operating at 7 bar(g) (700kPa(g)) with an output of 500 litres/s
“The percentage figures given are indicative, are not cumulative and will vary with each system

T1346 *Low = less than £2,000; Medium = £2,000—£10,000
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Compressed Air System

Inappropriate uses of compressed air and alternatives

Inappropriate use of compressed air Alternative

Ventilation Fans, blowers
Liquid agitation Mechanical stirrer or blower
Cleaning down workbenches, floors and personnel Brushes, vacuum cleaner
Rejecting products off a process line Mechanical arm

Transporting powder at low pressure Blower

Annual cost of air leaks

Air leakage at Cost of leak®
Hole 7 bar(g) (700kPa(g)) Power to (E/year)

diameter (mm) air leaks? (kW)

0.50 0.20 0.42 0.06 7.2 18

(5] 1.8 3.8 0.54 65 160
3.0 71 15 2.1 250 630
6.0 28 59 8.4 1,000 2,500

' Cubic feet per minute
?Based on 300W/litre
T1347 *Based on £0.05/kWh
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‘WHR Applications

Gas Turbine Cycle

630°C
1140°C

\
= C
/

T1340 ‘
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‘WHR Applications

Rankine Cycle

‘WHR Applications

Combined Gas Turbine + Rankine Cycle

7: T="7 ( :> 6
//// \\\ Q
H
*- PG HE—> (o [SG e R
cC 1 saec
540°C 630°C
1140°C
\
. TG st = ¢ GT H G |~ st
— o 240 MW
140 MW 140 MW
@ T1342 “H
T1341 5 :
© Dr. Md. Zahurul Hag (BUET) Energy, Efficiency and Conservation 1 February 2022 29/39 © Dr. Md. Zahurul Haqg (BUET) Energy, Efficiency and Conservation 1 February 2022 30/39

‘WHR Applications

Engine Waste Heat Recovery using ORC

a

| Commressor ,\
.

| Dieselengine |

High Temperature

Transcritical
— Coolant Loop
—» Cooling W

Rankine

aust gas
HT fluid
LT fluid [

Hi

Low Temperature
Transcritical
Rankine

500000

Cycle

Condenser

( Coolant loop

water
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‘WHR Applications

ORC + Absorption Refrigeration System

Thw,i Boiler (Qp,Ts)
T"‘—E - Grid line
HW.0
Alternator

Expander

2 (W)

Refrigerant
pump (Wp)

TCW(.;
Generator

(Qa.Ta)

Condenser
(Qc.Te)

Tewco

Solution pump
(Wsp) @ X PRV

3a;

Tewao Tewek,i
PR A;a ______ Evaporator
11157 —— (Qr.Tr)
Tewai TewEo
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WHR Applications

Combined Heat and Power (CHP) & WHR

e CHP plants achieve a significant degree of energy efficiency by
simultaneously generating electricity and heat.

Engine exhaust gases

Control

Engine panel

exhaust

Hot water supply to site <— Engine Generator

[ ]

T Cool water
return from site

Exhaust heat
T1158 exchanger

Engine heat
exchanger

— Electricity

‘WHR Applications

Combined Heating, Cooling and Power

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

Heat Chilled water

Absorbtion Cooling

chiller

Fuel Electricity HVAC system

Supply
CHP heat

Heat
load

Boilers

"Top up’
heat
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Building Energy Efficiency Building Energy Efficiency
EE&C Potential of Home Appliances Public Building Energy Use Intensity (EUI) analysis

Water Iron, 2.1%_ Others, EE&C

pump, potential _——
58% o (infeasibl
Lighting, e), 7.1%
14.9%
TV, 11.9%
EE&C
potential,
28.8%
AC, 11.7%
Refrigerat Refrigerat
or, 18.5% or, 8.3%
AC, 5.9%

TV, 8.9%

Iron, 2.0% 4.9%

mp2030-0A: Present Electricity Consumption B: EE Case Electricity Consumption

EE potential in Residential Sector is estimated 28.8.%
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EUl(kwh/m?/year)

75
(Benchmark
EUl value in
warm and
humid climatic
zone)

75-85 kW/m? /yr is for one star, and 45 kWh/m? /yr for five star
building wn India.

D)
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Building Energy Efficiency

Overall Energy Consumption (%) by end use
application

Annual Energy Consumption (kWh))

Lightings
13%

M Air Conditioning
Plug Loads M Fans

0,
237 Air Conditioning  Plug Loads
e 60% = Lightin
| Fan ghting
4%
WB-09
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Building Energy Efficiency

Energy Saving Potential on Overall consumption

Energy Efficiency Measures Energy Saved on Comments
Overall
consumption
Switching the power settings of Immediate 1.9%
desktops to power saving mode
Replacement of Fluorescent tube Low Short Term 4.9%
lights and CFLs with energy efficient
LED lights
Low  Short Term 2.6%
Replacement of ceiling fans with High Long Term 3.8% Thorough
energy efficient brush-less DC (BLDC) Investigation
motor fans required under
High Long Term 2.8% Level 3 Audit
energy efficient AC
Replacement of plain windows with High Long Term 0.9%
energy efficient glazed windows
g | Total : 16.9%
Wl
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Building Energy Efficiency

Thanks a Lot
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