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ABSTRACT 

Zero Energy Building (ZEB) is a concept with reduce energy use 

through using renewable energy, utilizing high efficiency Mechanical, 

Ventilation and Air Conditioning (MVAC) and lighting equipment to 

achieve zero energy goal.  No matter residential or commercial 

buildings, there are many potential to achieve this goal through 

renewable energy features, energy efficiency features, green and 

outdoor features. 

This paper is not of research nature but it will be on the report, 

highlight and technology sharing. Latest development and definition of Zero Energy Building 

will be reported in this paper.  Latest information from Singapore, USA, China, Hong Kong etc. 

will be provided in and reported in the paper. 
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INTRODUCTION 

 

As Hong Kong is a service economy without major energy-intensive industries, electricity 

generation becomes the major source of GHG emissions, which accounts for over 68% of the 

total local emissions (Council for Sustainable Development, 2011[1]). Carbon dioxide (CO2) 

emitted during combustion of fossil fuels, the uncontrolled use of fossil fuel cause depletion of 

non-renewable energy sources.  Reducing energy demand and greenhouse gas emission arising 

from new buildings is a key action to tackle the problem of climate change.  

 

The concept of Zero Energy Building (ZEB) was introduced from 1970 until now, aims to 

achieve “zero goal” by reducing dependence on fossil fuel, energy consumption and carbon 

emissions.  ZEBs consist of energy efficiency features, green features and renewable energy 

generation to achieve zero energy goal.  

 

A growing interest in developing zero energy buildings to consider the relationship between 

natural and built environment and move toward zero energy building target. 

 

1. DEFINITIONS 

 

The concept of ZEB was developed since 1970s, there are different interpretation in the world. 

“At the heart of the ZEB is that buildings can meet all their energy efficiency requirements and 

generates sufficient renewable energy on site to equal its annual energy use (P. Torcellini, S. Pless, 

and M. Deru, 2006[2])”. 

 

From the Wikipedia [3], a building with zero net energy consumption, meaning the total amount 

of energy used by the building on an annual basis is roughly equal to the amount of renewable 

energy created on the site.  These buildings consequently contribute less overall greenhouse gas 

to the atmosphere than similar non- zero net energy buildings.  They do at times consume 

non-renewable energy and produce greenhouse gases, but at other times reduce energy 

consumption and greenhouse gas production elsewhere by the same amount. 

 

A ZEB design became innovative through review latest energy and construction technologies and 

academic research to evaluate energy performance data for advanced computer models to predict 

the efficacy of engineering designs. Some advantages of these buildings are as follows [3]: 

 

https://en.wikipedia.org/wiki/Building
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Energy_consumption
https://en.wikipedia.org/wiki/Energy_consumption


 Integration of renewable energy resources 

 Implementation of zero-energy concepts 

 

In 2010, I had an opportunity to visit a very famous ZEB in United Kingdom, the BedZED 

(Beddington Zero Energy Development) at South of London.  It is the UK’s largest eco-village.  

BedZED embraces all aspects of sustainable design with 100 experimental homes, community 

facilities and workspace for 100 people and offers many eco-living amenities. The design is to a 

very high standard and is used to enhance the environmental dimensions, with strong emphasis 

on roof gardens, sunlight, solar energy, reduction of energy consumption and waste water 

recycling. 

 

Some of the BedZED features include multicolored wind funnels, or wind cowls - which provide 

passive ventilation - sustainable building, materials, low energy appliances and fixtures, a 

residents-only car pool, and every part of the roofscape is used for passive solar, PV's, roof 

gardens or extensive Sedum coir mats. BedZED is the recipient of numerous awards and 

accolades. 

 

 



 

 

 

   



2. RENEWABLE ENERGY 

 

Energy is usually harvested on-site through solar to reduce total energy consumption of highly 

efficient MVAC and lighting equipment.  It is a potential to obtain self-sufficiency of energy by 

solar panels.  Solar panels will be installed on roof and integrate into building façade and 

skylight.  

 

Photovoltaics are the means for generating electric power by using solar cells to convert energy 

from the sun into electricity.  Grid tied photovoltaic account for most of the solar panels and is 

connected to grid supply.  The remaining power generated by these solar panels would first be 

distributed to the building before any excess is supplied back to the grid [4]. 

 

There are two types of solar panels: 

 Silcon Wafer 

 Thin Film 

 

 
 

Figure1: Silcon Wafer Figure 2: Thin Film 

 

In Hong Kong, Macau and South China, solar and wind renewable energy is considered to be the 

only practical energy source.  In other parts of the world, there are biodiesel, geothermal, water 

and many others. 

https://en.wikipedia.org/wiki/HVAC


According to catalogues provided by suppliers, brief summary was showed as followings [4]: 

Silcon Wafer Thin Film 

1. Most efficient system 

2. Expensive 

3. Widely used and most mature technology 

4. Module Efficiency: 12% - 20% achievable 

5. Suitable for rooftops and integration into 

building façade and skylight 

1. Flexible and lightweight 

2. Cheaper 

3. Aesthetically pleasing 

4. Module Efficiency: 8% - 12% achievable 

5. Suitable for rooftops and integration into 

building façade and skylight 

 

  

Figure 3: PV panel on roof Figure 4: Building-integrated photovoltaics (BIPV) 

 

3. ENERGY EFFICIENCY FEATURES 

 

In order to maximum energy efficiency of the building, some latest technology and control were 

introduced in the following E&M aspects: 

 

 Air Conditioning Installation 

 Lighting Installation 

 Building Management System  

  



3.1 Air Conditioning Installation 

 

Air-conditioning (AC) installation is a broad issues, we shall focus on energy performance of AC 

equipment in this chapter.  AC equipment includes air-cooled/water-cooled chillers and unitary 

air conditioners etc.  To select AC equipment, usage and sizes of served area and coefficient of 

performance (COP) are criterial to affect your equipment selection.  

 

COP is a parameter to reflect energy performance of AC equipment. High efficiency chillers and 

Variable Refrigerant Volume (VRV) represent high cooling efficiency than traditional chillers and 

air conditioners. 

 

  

Figure 5: High efficiency Chillers Figure 6: Variable Refrigerant Volume (VRV) 

 

The latest standards can refer to Code of Practice for Energy Efficiency of Building Services 

Installation and issued by the Hong Kong Electrical and Mechanical Services Department 

(EMSD) in 2015[5]. 

 

For larger chiller plant, Variable Speed Drive (VSD) will be 

installed on chilled water pumps. 

 

When chilled water pumps are not operating full load all the 

time; most of the control valves in the circuit are not fully 

open because of part load. The chilled water flow can be 

regulated by VSD to cope with the chilled water required by 

the cooling load, thus saving energy [5]. 

 
Figure 7: Variable Speed Drive 

(VSD) 

 

 



3.2 Lighting Installation 

 

T5 fluorescent lamps and LED lamps usually installed in the building in majority. Electronic 

ballasts used in T5 lamps can increases the luminous flux of the lamp [4].  

 

Generally, lighting mounted in the ceiling level may cause insufficient lux level to workstation.  

Task Lighting can provide sufficient lighting at workstations so that ambient lighting can be 

reduced. 

 

 

Figure 8: T5 Fluorescent 

Lamps 

 

Figure 9: LED Figure 10: Task Lighting 

 

Proper lighting control can reduce the energy consumption of lighting systems, such as dimmers, 

motion and daylight sensors.  Dimmer is a device that can reduce the amount of artificial 

lighting automatically when sufficient daylight in the space.  Motion sensor can be used for 

detect movement of human activity to control on/off.  Daylight sensor is detect sufficient 

daylight will result in automatic reduction of artificial lighting. 

 

 

Figure 11: Dimmers 

 

Figure 12: Motion Sensor 

 

Figure 13: Daylight 

Sensor 

 

 



3.3 Building Management System (BMS) 

 

Building Management System (BMS) is controls, monitors in real time and manages all the 

equipment installed in the building. 

 

Examples of Building Management System applications: 

(1) Air-conditioning fresh air flow rate control 

(2) Lighting management and  

(3) Building energy monitoring. 

 

4. GREEN FEATURES 

 

Nowadays, greening can create sustainable living, recreational use and aesthetic improvements. 

Green features have a significant impact of reducing heat transmittance, saving energy cost and 

lessening the effect of Urban Heat Islands. There are two types of green features: 

 

 Green roof 

 Green wall 

 

There are many potential benefits include.  It helps to reduce heat transmittance into a building 

through direct shading and evapotranspiration.  By adding green space in building, green wall 

was introduced to reduce the heat transfer through building walls into the interior building.  

 

  

Figure 14: Green Roof [6] Figure 15: Green Wall [7] 

 



Apart from green roofs, greenery areas act as rainwater catchment area to conserve water through 

rainwater harvesting system for landscape irritation and toilet flushing.  Rainwater harvesting 

system is the accumulation and deposition of rainwater for reuse on-site, rather than allowing it to 

run off.  

 

 

 

Figure 16: Rainwater Harvesting System [8]  

 

5. OUTDOOR FEATURES 

 

Some renewable equipment was demonstrated in recent year, including wind turbine and 

renewable energy lamp post.  A wind turbine is converted the wind’s kinetic energy into 

electrical power.  By improving environmental awareness by different directions, rather than 

consider the limitations of wind as source of renewable energy. 

 

  

Figure 17: Wind Turbine Figure 18: Renewable Energy Lamp Post 

 

 

 



6. CONCLUSION 

 

To achieve zero energy goal, Zero Energy Building (ZEB) is an idea to demonstrate efficient use 

of energy by renewable energy features, energy efficiency features on MVAC and lighting 

product, green features and outdoor features.  We shall open our eyes to see and explore more 

opportunity to achieve zero energy in future!  I have a dream to design and build one building to 

be a true Zero Energy Building before long. 
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