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SUMMARY 

Zero Emission Building is a building which emits virtually '0(zero)' carbon dioxide.  Although simple in concept, ZEB requires different approach from conventional building in terms of design, engineering, construction and operation.  There are few research on ZEB design process as ZEB design requires understanding and knowledge regarding energy and technology. The study aims to propose a design process of Zero Emission Building for architects. The study examined the concept of Zero Emission Building through intensive literature search.  The examples of Zero Emission Buildings were investigated, and strategies and technologies applied to the buildings were analyzed.  Various conventional design processes were identified and analyzed to examine the applicability to ZEB design.  Finally,  a new design process which effectively accommodate the requirement of Zero Emission Building was proposed.

INTRODUCTION

Rapid increase of energy prices and acceleration of global warming have led to high interest on the reduction of carbon dioxide emission all around the world.  In the building sector, which constitutes about 30% of CO2 emission, the development of Zero Emission Building (ZEB) is in progress.

Zero Emission Building means a building which emits virtually '0(zero)' carbon dioxide.  Although simple in concept, the realization of ZEB requires totally different approach from conventional building in terms of design, engineering, construction and operation.  Architects in particular should appreciate and apply appropriate design process in order to effectively initiate ZEB design.  However, there are few research on ZEB design process as ZEB design requires understanding and knowledge regarding energy and technology.    

The study aims to propose a design process of Zero Emission Building for architects. The proposed process may be different from the conventional design process, However, It should understood that in order to achieve sustainable future the current design practice should be changed to adopt Zero Emission Building, and so should be architects. 
Zero Emission Building pursues '0(zero)' CO2 emission during the life cycle of the building, including raw material acquisition, building production, building use, and disposal.  However, this study only dealt with CO2 emission during the building use stage because sufficient research data are not available for the rest.

The study examined the concept of Zero Emission Building through intensive literature search.  The examples of Zero Emission Buildings were investigated, and strategies and technologies applied to the buildings were analyzed.  Various conventional design processes were identified and analyzed to examine the applicability to ZEB design.  Finally, a new design  process which effectively accommodate the requirement of Zero Emission Building was proposed.
Concept of zero emission building 

The concept of 'Zero Emission' was first proposed by Gunter Pauli(United nation University) in 1994, and it meant for the process where the minimum amount of waste would be generated, ultimately creating '0 (zero)' waste.   'Zero Emission Building' in architecture would mean a building with the objective of creating '0 (zero)' CO2 emission during the life cycle of building. This is different from 'Zero Energy Building' where the use of energy is diminished in the building operation process and energy demand is satisfied by the energy produced from the building itself.    The objective of 'Zero Emission Building' is to minimize the actual CO2 emission by balancing the demand of energy to be used in the building with the production of renewable energy from the building without getting the fuel energy provided from outside.  
CASE STUDY OF ZERO EMISSION BUILDING 

UK, U.S.A, and Canada etc. are some of the countries with vigorous development of Zero Emission Building. EU across all Europe is promoting pilot projects for the development of ZEB as well.  Some of the representative project and applied technologies are shown in Table 1. The buildings in each case applied technologies to reduce CO2 emission according to the concept of Zero Emission Building. As for energy reduction system, super insulation, natural ventilation, and passive solar heating were commonly used. And as for renewable energy system, photovoltaic, solar water heating, wind power, and CHP were used. 
Table 1. Case study of Zero Emission Building
	Country
	Project
	Technologies 

	UK
	Bed

ZED 
	Passive solar heating, Efficient Insulation, natural ventilation with roof ventilator, Bio Energy, Integrated PV, Solar water heating, CHP, Rainfall collector

	
	Beaufort 

court
	Wind power system(225kW), Biomass boiler, Hybrid PVT(Photovoltaic  Thermal solar) Array, Geothermal system

	
	Hockerton 

Housing
	High efficient light, Efficient Insulation, Passive solar heating, Rainfall collector, wind power system, PV 

	EU 
	Sara Project
	Advanced Insulation, PV, Solar thermal, Solar pre heated ventilation 

	
	Eco-buildings

(demo-house)
	Air tight construction, heat recovery ventilation system, insulation, low energy window Natural hybrid PV combined heat and power, condensing gas boiler, district heating system with losses, heat pump

	USA
	ZEH (ORNL / NREL / EERE)
	EPS, Super Window, PV, Heat Pump, DXG(Direct exchange Geothermal system), HPWH(Heat pump water heating) 

	CA
	R-2000
	Thermal Mass, Passive solar heating, natural ventilation, Solar water heating, PV, Geothermal system, CHP

	
	Super E® home
	Radiant under floor heating, efficient boiler, High performance windows, advanced wall, HRV  

	AU
	Council House 2 
	vertical garden, PCM, Light Self, Hollow floor, Shower Tower, Thermal mass, PV, Solar heating water system, Wind power system


ENERGY SAVING STRATEGIES
When designing a Zero Emission Building, appropriate energy saving system should be selected from the schematic design phase in order to maximize energy saving in the building. Energy saving strategies can be categorized as passive measures and active measures.  Passive measures, which include architectural design elements such as site, shape, plan, envelope /material, should be designed to accommodate the benefits of surrounding environment and to exclude unfavorable natural forces.  The selection and arrangement of building systems only follows after the building is designed to minimize fossil fuel energy requirement through architectural design.  Table 2 shows some of the energy saving strategies for each design elements to be considered at the schematic design phase.

Table 2. Energy-saving strategies
	Element
	Objective
	Strategies

	site
	micro climate control
	- micro climate analysis    - landscape plan   - wind shade                             - South, South-east Façade    - Main wind stream control

	b

u

i

l

d

i

n

g
	Shape
	SVR control
	- length to width ratio            - floor height, plenum

	
	plan
	zoning with room load
	- consideration of Function & operation schedule

	
	
	buffer zone
	- balcony, Green house

	
	envelope
&

material
	Passive solar  heating
	- attached green house      - thermal mass

	
	
	daylighting
	- clerestory, light self, monitor window

- indoor / outdoor shade

	
	
	Natural ventilation
	- shape, size of aperture

	
	
	insulation & airtightness
	- insulation of wall and roof

- high airtightness

	
	
	Integrated envelope
	- atrium         - double facade envelope

	
	
	building green
	- facade and roof greening

	systems
	Integrated light
	- dimming control

	
	System efficiency
	- high efficient system      - insulation of duct and pipe

	
	heat recovery
	- heat recovery system

	O&M
	auto control system
	- occupant sensor             - auto dimming control

	
	commissioning
	- TAB     - education : O&M

- maintenance manual      - user manual


RENEWABLE ENERGY SYSTEMS
The application of renewable energy system is essential for Zero Emission Buiding design, as energy saving strategies alone cannot fulfill zero CO2 emission.  Renewable energy systems should be designed to take charge of the rest of energy load which energy saving strategies cannot satisfy. When applying renewable energy systems to a building, architectural  integration strategies, considerations for cost and efficiency, and government's support policy should be considered before making the actual application. Table 3 shows the characteristics of available renewable technologies.  In Korea, 50%-or-more cost of renewable energy systems applications are financially supported by the government, thus the pay-back periods are fairly short, between 5 to 20 years.  In terms of dissemination, photovoltaic, solar heating system, and wind power system are shown to have higher application than others.  In case of wind power system, application rate tends to be low due to unbalanced wind energy density by location and low wind energy density in cities. Thus, when applying to a building, photovoltaics, solar heating system and geothermal system seem to be suitable.
Table 3. Analysis of Renewable Energy Technologies
	Category
	Photovoltaic
	Solar heating
	Wind power
	Geothermal
	Bio-energy

	Source
	sunlight
	solar heat
	wind
	geothermal
	biomass

	output 
	electricity
	heat energy
	electricity
	heat energy
	heat energy

electricity

	Use
	electricity
	heating

water heating
	generation

electricity
	Heating, cooling

water heating
	heating

	available period
	daytime
	daytime
	windy
	always
	 N.A

	recommended
location
	sufficient
sunlit area
	sufficient 
sunlit area
	windy area,
Uniform wind direction
	general area
	around filled land

	Promotion
	◎
	◎
	◎
	○
	×

	financial incentive
	70~80%
	50%
	70%
	50%
	50%

	Pay-Back period
	8~18
	5~10
	9
	4~8
	10

	size of system
	medium
	medium
	very
	large
	large

	Adaptability to building
	high
	medium
	low
	medium
	low

	Remarks
	Feed-in-tariff prices
	-
	Feed-in-tariff prices
	Relative short pay-back period
	Feed-in-tariff
prices


◎ excellent, ○ good,  ∆ common, × bad
DESIGN PROCESS OF ZERO EMISSION BUILDING 

Planning Method for Zero Emission Building
The conventional design process may not be suitable for designing Zero Emission buildings for a number of reasons.  Firstly, in a conventional design, the building cost plays an overriding role for decision making, thus the importance of energy efficiency and CO2 reduction tends to be set aside.  Secondly, in general, the experience and preconception of architects and engineers affects the selection of energy saving strategies and renewable systems.  They tend to avoid selecting strategies which they are neither confident nor well aware of, even though they may recognize the importance of the matter.    Finally, the conventional design process inherently does not include the steps and criteria to consider energy efficiency and CO2 emission.  For architects and engineers, there is no way of knowing when to proceed  the design of aero emission strategies and what the outcome is. 
Design Process

As shown in Figure 1, Zero Emission Building Design Process was proposed by focusing on the design stage which makes the greatest influence on the environment and energy performance. The reduction of CO2 emission for each system and reduction of CO2 emission for overall building were set as the objective. The process was also organized to attain evaluation and feedback of CO2 emission reduction by phases, and materialized to deduce the most suitable design through alternative designs.
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Figure 1. Zero Emission Building Design Process
CO2 Emission Reduction Calculation

The reduction of CO2 emission required in each phase of Design Process can be estimated with the following calculations. 
	*CO2 emissions from the Building Energy Use

	 CO2 emissions (TCO2) of fossil fuel
= TOE(consumption quantity of fuel × net calorific value/107)

× carbon emission factor (IPCC factor) × CO2 conversion factor(44/12)



	 CO2 emissions of (TCO2) of electricity
= electricity consumption × CO2 emission factor(0.424 CO2ton/MWh)

= electricity consumption × 0.4836(KgC/kwh)

	*CO2 emissions reduction of (TCO2) with renewable energy system use

	 annual generation of renewable energy system 
= generation of renewable energy system(kW) × 8769h × use rate(%)

	annual CO2 emissions reduction of (TCO2) of renewable energy use
= annual generation of renewable energy system(kWh) × CO2 emission factor

	*Alternative assessment

	CO2 emissions (TCO2) of Building 
= CO2 emissions (TCO2) of fossil fuel & electricity 
- annual CO2 emissions reduction of (TCO2) of renewable energy use


CONCLUSION 

The study aims to propose a design process of Zero Emission Building for architects. The study examined the concept of Zero Emission Building through intensive literature search.  The examples of Zero Emission Buildings were investigated, and strategies and technologies applied to the buildings were analyzed.  Various conventional design processes were identified and analyzed to examine the applicability to ZEB design.  Finally, a new design process which effectively accommodate the requirement of Zero Emission Building was proposed. 
The strategies of Zero Emission Building design can be divided into two categories: energy saving measures and renewable energy systems. The design of ZEB first requires to adopt energy saving strategies at the schematic design phase to reduce building's energy requirement as much as possible.  The selection and arrangement of building systems follows after the building is designed to minimize fossil fuel energy requirement through architectural design.  Renewable energy systems should be designed to take charge of the rest of energy load which energy saving strategies cannot satisfy. When applying renewable energy systems to a building, architectural integration strategies, considerations for cost and efficiency, and support policy should be considered  
The proposed ZEB design process is derived from the basic structure of the conventional design process.  However, ZEB design process sets CO2 emission reduction goal at the outset of the process and evaluates the feasibility and performance of the design at every phase in terms of CO2 reduction.  Also, the process enables feedback of performance when the design does not satisfy the CO2 reduction goal.
The proposed process may be unfamiliar and somewhat difficult to apply for architects.  
However, it should understood that in order to achieve sustainable future the current design practice should be changed to adopt Zero Emission Building, and so should be architects. 
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