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Green Construction Economy Research Based on LCC Theory
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Abstract: LCC theory study on the green construction of economic benefit based on the LCC theory, the concept of full
description, a detailed analysis of the existing building economic cost estimation methods, combined with the data, only
provides theoretical basis for green construction cost control. Because our country is in the LCC theory and the building
materials recycling research is still not perfect, the cost estimation method can correspond to specific project require-

ments, remains to be demonstrated by practice.
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1. INTRODUCTION

Green construction refers to effective approaches in
meaning in architecture life-cycle, to do everything we
can to reduce the allocation of resources, without damag-
ing [1] the environment and reduce environmental pollu-
tion, and provide humans with a healthy and comfortable
living space, which belongs to a building of that and the
maintenance of a harmonious relationship between nature.
Comparison of green buildings and buildings of the past
has many advantages, and their ever-popular, and very
much and their relevant green building evaluation system
and contains extremely detailed evaluation methods. In
the majority of index evaluation system are formed by the
designer's point of view, and very few investors. In view
of this situation, this paper focuses on the stand cost con-
sultation corner on many aspects and construction of
green building evaluation system of science-related re-
search.

LCC (Life Cycle Cost) [2] means "building life-cycle
cost" which refers to the building from the planning, de-
sign, construction, decoration, used, maintained until the
demolition of all costs incurred throughout the process.
Contains not only the economic use of capital, as well as
environmental and social costs, the costs for various stages
of LCC's influence are not the same. LCC theory aims to
minimize the total cost of the building project life-cycle,
core cost-control is not simply seeking to save construction
investment, also based on buildings throughout their life
cycle to consider issues from many aspects one by one to
achieve cost savings, LCC theory is particularly concerned
about buildings in use in completion of the maintenance
and operating expenses. Therefore, this paper attempts to
use the LCC theory to economic research and analysis of
existing buildings.
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2. DISCUSSION ON THE BENEFITS OF GREEN
CONSTRUCTION

2.1. The Concept of Green Construction

Modern of green building has more than simple of build-
ing, also including building materials and building way,
green building and elevator also exists associated, such as
OTIS elevator, OTIS elevator as world leading of Elevator,
and escalator, and automatically sidewalk of supplier, has
been pursues energy environmental of development concept,
constantly promoted in energy environmental field of tech-
nology innovation, and will and global synchronization of
advanced energy environmental technology with into China,
to better to service Yu China of saving social construction
and sustainable development. OTIS elevator's leading re-
search and development of an "elevator" technique, Elevator
running in potential energy and kinetic energy can be con-
verted into electricity and fed back into the power grid and
provide power for other electrical equipment in buildings,
significant savings in electricity, also has made outstanding
contributions to green building.

In evaluation process in the, to perfect China of green
building evaluation identifies system, established has spe-
cifically of green building evaluation identifies Expert
Committee to solution evaluation in the encountered of tech-
nology problem, and released related technology file, as
green building evaluation technology rules added description
(planning design part) and green building evaluation tech-
nology rules added description (run using part); through held
green building evaluation identifies reporter met will, and
International Forum on green building assessment and iden-
tified by the General Assembly (March 28, 2009) and the
green building assessment identifies the Corps (June 24,
2009), the green building assessment identifies the activities
carried out extensive publicity and promotion all over the
country; China Academy of building [3] research center of
Shanghai Branch, the optimization of environmental control
to develop green building advisory service identified to assist
local governments and green building application identifies
the owner.
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Currently evaluation one or two star green building
power has decentralization to part provinces, currently has
26 a provinces can himself evaluation a star and II star of
green building, Samsung green building needs to live built
Department green marked Office and City section will for
assessment, currently green building development speed
South fast then North, green building development more of
provinces has Guangdong, and Jiangsu, and Shanghai, now
Beijing and Tianjin development speed compared fast.

Green architecture refers to the architecture of the whole
life cycle, the maximum conservation of resources (energy,
land, water, and materials), protect the environment and re-
duce pollution, provide people with healthy, appropriate and
efficient use of space, and architecture in harmony with na-
ture.

2.2. Studies on Green Building-Efficiency Indicators to
Quantify

On quantitative evaluation of many experts take a variety
of measures, but only has an independent measurement of
the characteristics of the evaluation indicators, but each in-
dex use metric measures, there are some differences, com-
parison of various nature and measurement indicators using
measures will have little effect, which led to the final eco-
nomic evaluation are not comprehensive and rigorous green
building. But analytic confirmed the weights [4], using quan-
titative scoring efficiency indicators measure of green build-
ing experts, can effectively address these limitations and
achieve economic development and objective evaluation of
green building.

In recent years due to social rapid of development speed,
so in current formed of one based on green building full life
cycle costs in the for evaluation Shi needs reference of indi-
cators very more, main including economic, and social, and
interests and technology, multiple aspects of indicators, but
this indicators formed of evaluation indicators system, al-
though most main belongs to for green architectural design
programmer from technology and function two a aspects
carried out science of evaluation, but still can up to green
building science of evaluation lay stable of based. Article
based on this subject from various angles taking into account
features of green buildings have taken two theories, that is,
life cycle and the time value of money, two specific eco-
nomic theories objectively about green building Condition to
carry out an objective analysis. Evaluation standard for green
building development in China in terms of content consists
mainly of 6 technical systems, which focuses on effective
and reasonable assessment of residential and public build-
ings. Based on its energy use and performance systems can
be divided into two aspects: materials and use of water re-
sources and land, as well as an outdoor environment, energy-
saving, water saving and water resource use and energy use,
as well as for indoor environmental quality and operations
management, it can be known, our evaluation of the project
is mainly to protect the environment and conserve resources
for evaluating important content.

Building works throughout the cycle is closely related to
engineering cost management at all stages. So, be sure to pay
attention to construction of cycle control, which means con-
struction preparation phase, construction phase, trial, demoli-
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tion and renovation stage of systemic management, overall
cost for construction and cost must be considered, effectively
to make the construction phase and operation and mainte-
nance as a whole. Design, construction units and the owners
must unify cost management to ensure effective communica-
tion and coordination between the different units.

2.3. Benefits of Green Building Index Content Analysis

Environmental green building occupies a very important
position in the content, therefore, all of the green building
assessment standard in both the indoor and outdoor envi-
ronment for these two indicators. The meaning can be under-
stood as the environmental impact of green building, from
the efficiency point of view, can be understood as contrast
and traditional architecture, green architecture in terms of
environmental benefits. Mainly refers to the energy saving
and operation of engineering cost management and other
aspects of saving and, therefore, can also be divided into the
economic benefits of green buildings; green building supply
service and its role in defining human understanding to pro-
vide its people with personal comfort. So, there are 3 main
benefits of green building index [5], can generally be sum-
marized for personal comfort, economic as well as environ-
mental benefits, which plays an irreplaceable role in the eco-
nomic evaluation of green building, any one may not lack.

According to related research can show that same project,
green building methods and compared to traditional building
methods, green building is much higher than the cost of tra-
ditional architecture in the initial period, but its cost is lower
than the cost of traditional architecture at run time. So, you
must take into account life-cycle cost theory under the condi-
tion of green building cost index can be settings related to
the activities carried out. Life cycle costs are by definition
mainly refers to the stage of construction began during the
life of a one-time cost and construction demands of operat-
ing and maintenance cost of funds, resulting in life-cycle
cost more cumbersome and variety. Because buildings can
usually survive for a long time, in order to ensure that the
total life-cycle costs can be calculated correctly, the staff
must be taken in computing to scientific theories of the time
value of money calculations.

Establishing and perfecting the management system of
the construction site, and allows smooth construction cost
management and co-ordination between different sectors and
departments should also clearly, effectively limiting the
owners ' behavior in order to adapt to the development of the
market economy situation. Upgrade cost consulting man-
agement, policies and regulations should be established ac-
cordingly, building on their obligations and responsibilities
of the institutions has improved. In addition, the contract
management skills improve the rule of law and contract
management, promotion of rule of law of contract, scientific
and rationalized cost management of construction projects
and project duration.

Bid if you want accurate and reasonable, to be able to lay
a solid foundation for construction projects, smooth and in-
viting, taking the bidding too high or too low will adversely
effect on the cost management of construction projects.
Therefore, bid construction projects must carry out the nec-
essary management. Which need to be strengthened in sev-
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eral ways, to be installed in a detailed survey, second in the
tender documents and detailed study of its tender system?
Thus scientific, perfect quote management system to estab-
lish a sound, so bid management rationalization moving to-
ward unceasingly, and will also be helpful in the proper cost
management in construction engineering.

Control project cost management processes on one hand
is the most important part, on the other hand also has the
ability to project to determine its profitability. Especially in
today's fiercely competitive market conditions [6], in terms
of cost of the project are gradually reduced, cost control has
increased as the top priority. So, to quality control over the
construction, technical and economic integration must be,
and need to strengthen quality and time management.

Present value (PV) refers to the case of taking into ac-
count the time value of money and the present value of an
amount of money in the future. Net present value is within
the whole period of the project the rate at which cash flows
as required, converted to the commencement of the project,
the cumulative discounted cash flow value, net present value
analysis. Can be calculated according to the following for-
mula:

NPV:i(B,—c,)(1+ic)’1 (1)

=0

Net annual value is obtained in the project is initially
based on the net present value basis of capital recovery fac-
tor converted to equivalent annual value. Can be calculated
by the following formula:

i,(1+1.)"

(1+i) -1 ©

NAV {i(a —C,)(1+i,)'1}

2.4. Problems in the Existing Building

Nonstandard design: Design sector in the pursuit of eco-
nomic interests, battling for the design project, and also be-
cause of its time, a lower effect in product design, inferior
product quality formed, lack of complete, detailed, and con-
tradictions that exist more, lack of reasonable calculation of
the quantities in the appropriate way.

Installation and construction team is weak: As head of
the construction and installation process, most of them mi-
grant workers, lack of professional knowledge, directly af-
fect the overall technical strength and construction team, due
to low prices for most of the construction unit in the form of
bid, prompting the settlement buck are frequent. For the con-
struction phase, will produce construction records are not
complete, the construction drawings are not complete, the
construction of such phenomena as hidden item cannot be
checked in a timely manner, this series of questions will
make the actual consumption is very difficult to verify, and
in turn cannot make an accurate reflection of project cost and
other issues.

Construction products price false: Because information is
not accurate, construction and installation products price
survey of market conditions cannot be presented, directly
affect the project cost. More invoice purchasing management
more lax, discretion, does not reflect the real price of the
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product. Confirmation and invoices are approved is very
difficult, this work will not only cause disputes, will have a
greater workload, invoices for purchases made in accordance
with the settlement, nor to control engineering cost. If the
use of cheap, poor quality of products, will generate consid-
erable profits, but construction and installation reliability
will be greatly reduced.

Quotas incomplete: Now, highlighted inadequate quota in
construction projects, therefore are not able to meet the
needs of building decoration industry. Embodiment without
a full range of fixed items, loopholes will make some con-
struction enterprises using illegal means. In addition, a quota
does not perform well, because lack of experience in the
building during the construction process, and its asking
price. And, mainly responsible for the quality of the staff in
the project budgets with poor quality, not to seriously com-
ply with the relevant provisions in the project cost or shall
prevail. First, the project budget is not accurate, more items
missing and, secondly, not to be able to project cost control
and a severe risk computation and overestimate. If so, funds
will not be able to have a greater investment, construction
and installation the project will present a lower billing accu-
racy.

3. LCC SIX STAGES OF CONSTRUCTION COST
MANAGEMENT

Construction project can be divided into investment deci-
sion-making, design, tendering, construction, use and main-
tenance, refurbishment and demolition phases in six stages,
LCC cost management can be introduced into these six
stages.

3.1. Decision Period Management

Decision-making stage is to demonstrate the investment
construction projects, addressing the issue of investment
processes, building construction, demolition and rebuilding
programmers in economic, environmental and social aspects
such as efficiency maximization principle, from which to
choose the best option, while issues of feasibility, necessity
to demonstrate. LCC manage the stresses of construction
cost [7], fully integrated project overall benefit costs, includ-
ing economic costs essential for environmental cost and so-
cial cost savings, so building projects investment decision
phase, should consider not only the economic dimension,
also need to integrate sustainable development concepts
which were infiltrated by management decision-making
process.

3.2. The Design Phase Management

Existing buildings are different from general building
projects, will also be responsible for identification and detec-
tion of building at the design stage work, to develop pro-
grammers based on test results and begin to design. Engi-
neering cost control in design stage of the building is also an
important stage in materials selection, energy conservation
and environmental protection should be the premise, give
full play to resource advantages play out around the con-
struction site, further improve land utilization, and control
the impact of construction on the environment. Finally, the
solution requires a combination of theories of LCC, building
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function and cost optimization, efficient use of capital. Prob-
lems in the construction process, we must take into account
the energy consumption, as shown in Fig. (1) is the energy
consumption over the past decade the demand curve.

3.3. Bidding Management

LCC theory to bidding phase accuracy emphasized ra-
tionality and the preparation of the tender documents. In ex-
isting buildings, should take the form of general contract,
because the General Contracting mode of unified manage-
ment and planning purposes, allowing management to the
whole course of construction procurement, technology and
process optimization, which is critical to grasp and realize
the economic benefits of the duration of.

3.4. Construction Phase

Existing buildings construction stage is very important, it
is the intention of the design into construction site, if it is a
renovation of the existing buildings is required during the
construction phase focuses on facilities and environmental
protection, actively choose energy-saving technologies [8],
and improve resource utilization. Also needs to be consid-
ered in the construction process is the problem of air quality,
air quality and the price is proportional to the, as shown in

Fig. (2).
3.5. Maintenance and Operation Phase

Effect of investment in maintenance and operation phase
is played and stages of recovery fund management, property
management services at this stage must be optimized to re-
place energy-intensive facilities, green energy-saving prod-
ucts. Maintenance and operation costs to test project deci-
sions, design work was successful, according to the LCC
theory in decision-making, the design phase of the project
will need to take into account the cost of building put into
use, practice will complete operational measures, so that
quality maintenance services with building life-cycle proc-
ess.

3.6. Renovation or Demolition Phases

Renovation or demolition phase, cost comes mainly from
the equipment leasing, manpower, materials, construction
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waste disposal recycling and so on. Sustainable development
based on construction projects, it should be recycled after
demolition and building materials such as wood, metal,
structural components of recovery, which requires building
selection a little more environmentally-friendly energy-
saving materials in the design stage, in order to reduce the
cost of renovation demolition.

4. GREEN CONSTRUCTION COST ESTIMATION
BASED ON LCC THEORY

In accordance with the relevant provisions of our current
project cost, construction costs include construction from
design to completion; various costs incurred costs, such as
construction, preparation of funds, construction loans, and so
on. To make existing buildings play a maximum value, pre-
liminary cost estimates are particularly important; cost esti-
mating methodologies currently applied to existing buildings
include the following.

4.1. Partial Estimation Method

When the itemized estimating method is adopted, accord-
ing to building size, construction of the project, project costs
and life-cycle costs [9], analyzing the cost of each sub-item,
drawing on relevant costing standard, calculate the costs
involved of the project one by one, finally together, draw
investment estimates.

4.2. Index Estimation Method

Application index estimation method, requires local ad-
ministrative departments prepare all kinds of investment
estimation index, will come before the estimate multiplied
by the area and volume of investment, reach the heating,
lighting, drainage and other project specific costs and reserve
funds and other capital cost estimates, construction cost es-
timate final phase could be drawn.

A total life cycle cost of the project is through the present
value of the cost of each together, splitting and minus the
residual value. Simple generic formula is as follows:

uoT1dumsuod A3.I9ud
w

LI +M +E
LCC, =1y + 3 =t 3)
= (1+0)
- )
o O o —9 o ——©
0
1996 1998 2000 2002 2004 e
year

Fig. (1). Energy consumption over the past decade.



Green Construction Economy Research Based on LCC Theory

A

D1
D2

\ 4

Air quality

Fig. (2). Air quality and the price proportional.

4.3. Repair Cost Estimates

Pursuant to China property management regulations
provides, owners needs according to national related pro-
vides paid property special maintenance funds, because
special maintenance costs by involving of maintenance
range than larger, so hard in transformation maintenance
problem appeared only began charged, so property sector
must ahead of two owners charged this pen costs and prop-
erty management maintenance costs standard is according
to China different area situation to developed of, each prov-
ince, and city, and autonomous regions, and municipalities
economic conditions and human costs are has without [10],
So maintenance costs are currently mainly real estate sales
unit to collect, the overall costs generally below value of
housing 5%.

4.4. Property Management Cost Estimate

Property management regulations on property costs has
clear provides: all owners through selection of way to de-
cided property company, owners and property company
signed service contract, commissioned property company on
housing building and supporting facilities, and site, for main-
tenance, and management and maintenance, and is responsi-
ble for life regional within of sanitation, and security, work,
achieved these service by needs of funds, and human costs,
and management costs by owners bear, is paid corresponding
of property service costs. Building property management
cost estimates are usually used in two ways, first issued un-
der local pricing departments estimate the standard, if there
is no corresponding price control Department, by property
companies on the basis of "property management cost
method" to estimate. Operation management and mainte-
nance of green building occupies most of the time and
money throughout the building life cycle, as shown in Fig.

(3).
4.5. Estimate of Construction Cost

LCC for housing use in the theory of costs involved in
content-heavy, it is difficult to estimate, which include elec-
tricity, heating, gas, air conditioning costs, energy costs, plus
other expenses such as cable television, water and communi-
cations [11]. Abroad at the time of collecting the fees, is
generally based on the relative cost estimate data to select
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the corresponding energy consumption index, if the residen-
tial unit energy consumption calculation according to tons of
standard-used, is based on an energy consumption index,
multiplied by the living area, adjusted for the actual situa-
tion, and finally obtained the corresponding energy con-

sumption costs.
Cleaning
Repairs
eguipment replacement

I construction

Ienergy consumption

15%

230/0 2?0/0

15%

20%

Fig. (3). In the process of building costs.

CONCLUSION

Current in our country in both building economic aspects
of research also needs to be Yu perfect, which needs concern
of problem main contains following what time: first, perfect
related planning, and design policy, and legal regulations and
technology standard, ensure in on both building for design
Shi can has according to; second, established both building
economic evaluation indicators system and evaluation stan-
dard, let both building decision and design can has judge
according to; third, perfect both building of transformation
policy and the related specification standard, in material of
select Shang provides guide direction And easy to refit exist-
ing buildings, demolition, recycling work smoothly. LCC
standard we can use to improve the economic benefits, while
also taking into account environmental considerations.

CONFLICT OF INTEREST

The author confirms that this article content has no con-
flict of interest.

ACKNOWLEDGEMENTS

This work is supported by the Soft Science Research Plan
Project of Henan Province, China (No0.142400411029), the
Soft Science fund of the Science and Technology Depart-
ment of Henan, China.

REFERENCES

[1] D. Castro-Lacouture, J. A. Sefairb, L. Florez, and A. L. Magalia,
“Optimization model for the selection of materials using a LEED-
based green building rating system in Colombia,” Building and En-
vironment, vol. 44, no. 6, pp. 1162-1170, 2009.

[2] R. Flanagan, Life Cycle for Constructing (LCC), Surveyors Publi-
cation, London, 2011.

[3] U.S. Green Building Council: LEED 2009 New Construction for
Member Ballot, 2009.

[4] N. Banaitiene, A. Banaitis, A. Kaklauskas, and E.K. Zavadskas,
“Evaluating the life cycle of a building: Amultivariant and multiple



2810

The Open Cybernetics & Systemics Journal, 2015, Volume 9

criteria approach,” The International Journal of Management Sci-
ence, vol. 36, no. 3. pp. 429-441,2008.

“Life Cycle Cost Analysis Guidelines 2002/C]” American Depart-
ment of natural Resources Energy Bureau, US 2012.

Q. Hu, “Green building energy saving review,” Research and
utilization of energy, vol. 6, no. 2, pp, 122-130, 2012.

W. L. Paul, and P. A. Taylor, “A comparison of occupant comfort
and satisfaction between a green building and a conventional build-
ing,” Building and Environment, vol.43, no.ll, pp.1858-1870, 2008.

Zhenlin Yan

O. Orshan, “Life Cycle cost: a tool for comparing building alterna-
tive,” In: Proceeding Symposium on Quality and Cost in Building.
2012, 1.

D. Gottfried, and H. Malik, Perspectives on green building, Renew-
able Energy Focus, vol. 3, n0.6, pp.38-41, 2009.

C. Xia, Y. Zhu, and B. Lin, “Renewable energy utilization evaluation
method in green buildings,” Renewable Energy, vol. 33,n0. 5,2011.
M. Xiaofeng, “Benefits of green offices in the UK: analysis exam-
ple built in the 1990,” Sustainable Development, vol. 14, no. 3,
2006.

Received: June 10, 2015

© Zhenlin Yan; Licensee Bentham Open.

Revised: July 29, 2015

Accepted: August 15,2015

This is an open access article licensed under the terms of the (https:/creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted, non-
commercial use, distribution and reproduction in any medium, provided the work is properly cited.





