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Energy Basics B[B[qC

Units of energy:

Kilowatt-hour (kWh), often for electricity use
1 kWh = 3.6 x 10° Joule = 860 kcal = 3412 Btu

Calorie ( ), 1 calorie =4.2 x 103
British thermal unit (Btu), 1 Btu = 1.055 x 10° J
Tonne of oil equivalent (toe), 1 toe = 4.2 x 1019 ]

From oil industry  http://en.wikipedia.org/wiki/Tonne_of_oil_equivalent

Power unit:
1W = 1J/s = 0.86 kcal/h = 3.41 Btu/h




Different forms of
energy

(BEIR )

Which one(s) is/are most Important nowadays?




Energy Basics Zf&(:

Energy Is important to every soclety
Economic, environmental & social impacts
It 1s also a key Issue for sustainability

Use energy ...
Consume finite fossil fuels (oil, coal, natural gas)
Cause air pollution & environmental damage
Contribute to global warming

Cost money @




(TPES)
World total primary energy supply from 1971 to 2009

by fuel (Mtoe)
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World* CO, emissions** from 1971 to 2009
by fuel (Mt of CO,)
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Energy Basics

Energy and environment
Driving force for energy efficiency

Global warming & climate change- CO, emissions
Electricity 0.832 kg/kWh
Natural gas 0.198 kg/kWh
Coal 0.331 kg/kWh

Need to reduce energy demands and to shift
towards environmental-friendly energy sources
(e.g. renewable energy)




3 ‘E’ Relationships




tnergy Use In Bulldings
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Hong Kong Situation

)2

In Hong Kong, buildings constitute 60-70% of
total energy end-use and 60% of final energy
requirements

Residential + commercial + industrial

The potential for energy saving is large

But the barriers to promoting energy
efficiency are yet to overcome

Financial barriers
Administrative 1ssues




(Data source: EMSD)

Energy end-use by sector (2009)

Residential
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Transport
32%

Industrial
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40%

Energy end-use in Hong Kong
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What are the major energy usages?

Others
5%
Hot water &
refrig Office
14% equipment
Others 4%
63%
Lighting
4%
Other
Restaurants Commercials
(2009) (2009)

Space cond
14%

Space cond
26% Lighting

Cooking 804

51%

Hot water &
refrig
11%

Energy consumption patterns in other commercial buildings
(Data source: Energy Efficiency Office, HK)




What are the major energy usages?

Office
equipment
13%

Space cond
37%

Space cond
54%

Others
37%,

Offices
(2009)

Retalls
(2009)

Lighting
14%

Lighting
26%

Energy consumption patterns in offices and retails
(Data source: Energy Efficiency Office, HK)




What are the major energy usages?

Others

19% Cooking
19%

Cooking
23%

Public
Housing
Refrig

(2009)
Lighti 129%
6%

Lightin
Hot water Space cond Lo ;::

23% 16%

Private
Housing
(2009)

Space cond
22%

Hot water
19%

Energy consumption patterns in residential buildings
(Data source: Energy Efficiency Office, HK)




Hong Kong Situation aﬁ"g%g

The Buildings Energy Efficiency Ordinance
(BEEQO) (Cap. 610) had been enacted In
November 2010 and had come into full
operation on 21 September 2012*

Mandatory implementation of Building Energy
Code (BEC) In prescribed buildings

Mandatory implementation of energy audit
according to the Energy Audit Code (EAC) In
commercial buildings and portions of composite
buildings that are for commercial use

(See also: http://www.beeo.emsd.gov.hk/)




Code of Practice for
Energy Efficiency of
Building Services

Installation
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Code of Practice for
Building Energy Audit




Comparison of energy label methods

Energy label for Energy label for Energy label for
appliance passenger car buildings??
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In Hong Kong, we pay a lot of money for
housing and workplace. But we do not receive
any info about their energy performance.




Hong Kong Building Energy Label

Type: residential building

Very energy efficient - lower running costs

Not energy efficient - higher running costs

Current | Potential

this wr

buying or

renting a
flat?

Would you like
to have this?

* See notes for measures to improve the performance.
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Energy use in buildings

Possible benefits from energy efficiency:
Improved building design and operation
Better working environments
Life-cycle cost savings
Added market value of buildings

Reduced CO, emissions and consumption of finite
fossil fuels

Reduced capital cost by better integration of
building fabric and systems




Building services Building envelope

o Fuels «Size
 Type of systems © e Built form
. -
e Size of systems © % * Shape
e Plant controls : g 5 * Materials
e Plant efficiency @5 5 | eVentilation
«Operatingregime | © © © | elocation

e otC. * Orientation etc.

/ e.qg.
window

controls

e.g. user
controls

Human factors What are the
« Comfort requirements interactions?
* Occupancy regimes
« Management and i

maintenance y ~\

* Activity Climate \
* Access to controls etc. ¢ The external
factor  /

«\ _

Key factors influencing energy consumption
(Source: Energy Efficiency in Buildings: CIBSE Guide F)




Energy

Waste
— : Indoor Exposures
Heating/Cooling Solar radiation
| Ventilation A'irhem;‘y Infiltration/Exfiltration
e r Qua -
I h :
Lighting llumination Natural venhlauon_
Energy Acoustics
Requirement

Intemal
Load

Dry bulb temp

Energy
Consumption

Dew point temp
Wind vel & dir
Energy Contaminants
Building  Requirement Insolation

Energy =

Efficiency Energy Outdoor Conditions
Consumption

Qil, Coal, Natural gas,
Biomass, Other

Eneréy Resources
Energy flow and concept in buildings




Energy flow in building

nfvaton of |0 Energy

142 F l
Lights, 0 A
N Diagram
0.5
Whole House Fan Convection to Outside Air
Fan Motors 07 Convection to Zone Air
7.15
8.7 Night Ventilation,
AC Compressors Convection to Qutside Air Heat tn:fi)utslda
and Fans J
0.1 .
o — Moisture Load T
! P | iledi
sope | o4 | Building
Zone ora
L] W Convective Heat Transfer g -
Conduction
05 Absorbed b
Surfaces, ¥ Cooling Coil
Radiation to Attic
Solar 7.5 Transmission 7.5
Radiation 10.6 Through Doors,
Windows
26 : 21 Roof Radiation
Att
o to Outdoors
Qutside Air 0.5
Mass Transfer Heat Transfer a1
Outside Air 29 to Ductwork
Conduction 0.7 All units are gigajoules per year.

(Source: www.hompower.com)
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Building Energy Efficiency j::ll

“An energy efficient building provides the
required Internal environment and services
with minimum energy use In a cost effective
and environmentally sensitive manner.” —
CIBSE Guide F: Energy Efficiency in Building

Design energy efficient new buildings and
refurbishment of existing buildings

Manage and operate buildings In an energy
efficient way; Upgrade buildings to improve
ongoing energy efficiency




Building Energy Efficiency

For new buildings
Designing the building
Design strategy

Control strategies
Commissioning

For existing buildings
Operating and upgrading the building
Building management

Refurbishment/renovation/retrofitting
Maintenance and monitoring




Design
iterations

The design brief

Develop a design strategy

e Integrating fabric and services
e |ntegrating services
e |Integrating human factors

Y

T

Sketch design

e Consider site constraints
e Built form

«VVentilation strategy
eDaylight strategy

e Services strategy

e Control strategy

Review design integration,
check for robustness
and conflicts

(Source: Energy Efficiency in Buildings: CIBSE Guide F)

Review objectives

Ensuring
integration

and strategy




Site considerations

e LOcation and weather
« Microclimate

o Site layout
« Orientation

Built form

« Shape
e Thermal response
e Insulation

« Windows/glazing

Ventilation Daylighting
strategy strategy

Services strategy

e Plant and controls
e Fuels
« Metering

(Source: Energy Efficiency in Buildings: CIBSE Guide F)




Building Energy Efficiency
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Efficient use of energy
Reduce energy consumption T

Optimise building’s performance .I“l.l

Major factors - ——l
Response to local climate (temp., humidity, solar)
Building envelope (skin) design
Building services systems
Human factors & building operation




External climate Internal loads

Air-conditioning systems Chiller plants




Building Energy Efficiency

Climate

It has a major effect on building thermal and
energy performance

Response of a building to climate:
Thermal response of building structure
Response of HVAC and lighting systems

Building design must “fit” its climate
Human comfort and bioclimatic design
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Building designer is like a “Feng Shui” master.

Major site factors
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Sun path diagram for Hong Kong (latitude 22.3°)

NORTH

ST

How to find the
sun’s position?

X = ALTITUDE angle
Y = AZIMUTH angle




Avoid downstands
in high-level air flow

Roof vents positioned
with regard to varying ‘6’;\,—/—7
wind direction e Kitchen

deph % \ exhaust
cepth for
P well above

normal i
single-sided CRenIngs
ventilation
c,(\\\:,
Q‘::Q &ﬂ
>
Open-plan/open Design of
e T % doorways required windows is
*-I-::“w::\\ for cross-ventilation critical

Qutside noise and pollution

restrict positioning of

inlet vents

Minimum permanent ventilation
needed in winter

Modes of natural ventilation




Building Energy Efficiency

Building envelope (or skin)

Walls, roofs, windows, skylights, etc.
Area, thermal properties, mass, shading

Good design
Consider & respond to local climate
Good thermal performance
Appropriate window areas
Proper solar control

Need to balance with other requirements e.g.
aesthetics and view (connect to outside)
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(Which one i1s more energy efficient?)
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* Face House, Kyoto, Japan

-
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Look at me.
Is my face (building
envelope) energy
efficient?

~

/

Main criteria:
e wall area
e window area

e orientations
e thermal mass
» shading device

e thermal properties




Building Energy Efficiency

Major factors determining envelope heat flow:
Temperature dlffere_ntl_al, AT Q=UAAT
Area of exposed building surfaces, A
Heat transmission properties, like U-value
Thermal storage capacity

Effect of thermal mass
Delay heat transfer or act as a cooling source
Important for intermittently cooled spaces




Thermal properties of building materials

Outdoor Solid wall Indoor
(hot air) (cool air)
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Shading coefficient (SC)
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Building Energy Efficiency

Architects and Engineers work together to ¢ .=
Evaluate envelope performance at early stage
Select appropriate window design and materials *
Design thermal insulation and building fabric

Complicated issues with building envelope:
Dynamic behaviour of climate and building

Interaction of light and heat
Use of daylighting and solar energy systems

7




Exposed precast

concrete soffit
acts as heat sink
in summer
Clerestory blinds | g S
within triple glazing — ——
set atoptimum — 4 ]
angle for reflected : "™ Light-
light and shading N Hi colourad
of direct solar radiation T concrete to
- improve
Light shelf - : reflectivity
shades perimeter H  Perimeter lighting ~
g 3.2 m high
zone but reflects H  linked to daylight ceilings ?Ielp
light deep into room H  controls o
Tilt and slide Z
triple-glazed N
window with / ' Displacement
mid-pane blind air movement
Shading /
provided by —
deep window reveals s
-

Balcony and ———"
shading device

Fresn air [K\ :

ikt o ' Floor void

Flexible ducting for

R

sound attenuation

Integrated
facade
design




Building Energy Efficiency

Air-conditioning
Lighting

Electrical services
Lifts & escalators
Plumbing & drainage
Town gas supply
Building management
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Building Energy Efficiency == ’

Heating, ventilating & air-conditioning - B0
(HVAC) systems =
Usually the most important energy users r)J -
Provide for occupant comfort, health and safety

HVAC design Is affected by architectural features
and occupant needs

In Hong Kong, heating load is small and main

focus Is on air-conditioning or cooling energy

use
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Typical Air-conditioning Process
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(Source: EnergyWitts newsletter, EMSD)




Building Energy Efficiency

Strategles for achieving energy efficiency
Reduce heat load In the air-conditioned spaces

Promote natural cooling or ceiling fans, prior to
using mechanical cooling

Adopt “relaxed dress code” and flexible work
schedule, wherever possible

Ensure good house-keeping and user education

Avolid wastage of energy by proper use of air-
conditioning and suitable temperature setpoint




O - Sources of Cooling Load
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solar
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hot air




: o Cleaner filter filters better.
Just nice at 25°C Elsctricty Efficency Centre
Electricity EFicency Castre




Building Energy Efficiency -

Key Issues for energy efficient HVAC:
Thermal comfort criteria  ;
Proper design temperature, humidity //

System characteristics
Types, energy efficiency ratios, operation & control - 1

Equipment and plant operation
Especially during partload conditions
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Building Energy Efficiency

HVAC energy efficiency can be improved by:
Effective zoning and space design
Correct sizing and selection of equipment
Proper operation and maintenance
Better control and monitoring
Energy awareness of occupants/building managers

Good house-keeping and education
A very important factor which iIs often overlooked




Total Pressure, kPa
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(Source: Fundamentals of Water System Design)
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Water Chiller
Saturation Moisture
Content £
:
100% S
\\ 4
Dry-bulb Temperature \\\Enthalpy
line — pHE LU  —
(a) Air-side economiser cycle (b) ‘Free’ refrigeration
- Intake more outdoor air when - chiller bypass when
Its enthalpy (energy content) the system can be
Is lower than indoor air cooled by ambient

‘Free’ cooling methods in HVAC system




HEAT LOAD ————————]

AUXILIARY
HEATER
TOWER
CONDENSER CONDENSER
: : ! :
HEAT PUMP @ CHILLER ®

L J—— ! T

COOLING COILS

sEseREEn Rﬁfﬂwant
Water

Waste heat recovery - heat pump + chiller




Individual buildings

Centralised
refrigeration
plant

District cooling with indirect distribution

District cooling system

(Question: Do you know what are the advantages?)




Building Energy Efficiency

Lighting systems
Have good potential for conserving electricity
Also contribute to HVAC load reduction

General principles of energy efficient lighting
[llumination is not excessive

Switching arrangements are designed
Provide illumination in an efficient manner N

~¢)°

B)




! ' Lamps

Fixtures Exterior
| /m Shades
Controls
Interior Glazi
Shades Eing

Energy efficient
fittings (e.g. compact
fluorescent lamps)

Lighting controls and
Interactions with windows




Clerestory

Roof monitor

lamps off one lamp on both lamps on

total illumination

electric light contribution

daylight contribution

Reflective blinds

Daylighting design and control




Building Energy Efficiency

Conserve lighting energy by:

(a) Reduce power input

[llumination level required, lamp types, ballast, room
layouts and colours

(b) Reduce hours of use AN
Optimised switching /.\\
Automatic controls |

Use of daylight w

Education and propaganda e
5

‘[




Building Energy Efficiency

Other building services systems

Electrical installation e

] y o BUGUHE
Lifts and escalators ENERGY\QL
Water supply systems —

Town gas supply system (cooking)

Basic principle for energy efficiency:

Energy efficient appliances, correct sizing, design
and operation, effective distribution network and
proper maintenance




Energy saving in lift system

™

ELEVATOR

http://www.hku.hk/bse/save.exe




Building Energy Efficiency

Human factors

Comfort requirements
Thermal comfort
Visual comfort
Noise control

Occupant behaviours
Patterns of use
Periods of occupation

Management Issues g
Building use, operation & maintenance




Good design practices

Efficient

G / systems

Integrated &
total energy
N

approach
i i
I Energy Efficient Building l
\ N
Vel 1 Efficient
Good house- operation
keeping User education

& awareness




Public Education: Education Kit [EMSD] --
Energy Efficient Building

www.emsd.gov.hk/emsd/eng/about/pe ek.shtml

Checklist for Energy Efficiency

http://www.hku.hk/bse/check.pdf

Architecture, HVAC, electrical services, lighting
Installations, lifts and escalators, plumbing and drainage,
building management

Further Reading




