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ENVIRONMENTAL BENEFITS OF GREEN BUILDINGS
WITH BIM TECHNOLOGY

Abstract: Under accelerated urbanisation and rapid socidlemonomic development, environmental pollution
has become an important content of the construdtidastry. Therefore, the environmental benefitlgsia of
green buildings is of great significance to theeefifve use of energy and resources and to achievedal of
protecting resources, reducing pollution and imprgvthe ecological environment. The results shouat tie
measured results of incremental environmental agfstise office building in Taiyuan City in land ag, energy
saving, water saving, material saving, indoor evinental quality and operation management are dsetdeby
13.56 %, 11.02 %, 25.17 %, 14.43 %, and 15.25 %pedively; incremental environmental benefits and
saving, energy saving, water saving, material ggvitdoor environmental quality and operation mamaent are
increased by 23.15 %, 10.37 %, 19.30 %, 18.25 9%, 253 %, respectively. Those suggest that the BIM
technology applied to the complete life cycle casalysis of green buildings can test, measure aideall the
steps of building design, construction and mainteeaand largely meet the criteria of resource-gpdnd
energy-saving. The results of this paper providefarence for further research on the environmenéalefit
analysis of green buildings based on BIM technalogy

Keywords: green buildings, environmental benefit analysigjlding information modelling, environmental
protection

I ntroduction

Under accelerated urbanisation and rapid social &ednomic development,
environmental pollution has become essential to ¢toastruction industry’'s work.
The traditional construction industry faces deveiept problems, such as high emissions,
high consumption, difficulty in recycling, and logfficiency. This extensive development
model has a significant impact on the developmehtthe construction economy.
Construction economic benefits are difficult to geal improvement [1]. The concept of
green buildings requires the full use of resouiioethe construction process, focusing on
environmental factors, and ensuring ecological lida so that the natural environment,
human beings and buildings between the formationhafmonious coexistence and
sustainable development. Therefore, the environahdr@nefit analysis of green buildings
is essential for effectively using energy and resesl and achieving the goal of
protecting resources, reducing pollution and imprgvthe ecological environment [2].
The environmental benefits of green buildings canegally be optimised from indoor and
outdoor environments. Indoor optimisation can beedby eliminating indoor pollution,
while the outdoor environment can be optimised égucing the production of pollutants
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and greenhouse gas emissions. The five aspectseoértvironmental benefits of green
buildings, environmental benefits of green buildingnainly include five aspects,
respectively energy-saving benefits, water-savingnefits, land-saving benefits,
material-saving benefits and indoor environmentgdrovement benefits [3]. Therefore, the
green building environmental efficiency analysisteyn contains seven major indicators:
land saving and outdoor environment, energy saaimgjenergy saving and energy saving
and water saving and water resource utilisatiorterizd and material resources utilisation,
indoor environmental quality, construction managehasad operation management [4].

Building Information Model (BIM) is a multi-dimensnal model information
integration technology based on computer-aid desgghnology and other information
technology, which can transmit information suchtlas three-dimensional geometry of
buildings, the materials of building componentg ice and the progress of construction
of the project through digital information simutati[5]. The generation of BIM technology
has changed the traditional calculation method,cwtgimulates the reality of building
carbon emissions at various stages through nunheéniftamation, which is conducive to
understanding the effectiveness of green technolmsgyl in all stages of construction and
provides technical support for setting the benclirar green buildings [6]. By linking
BIM to sustainability analysis, BIM technology carore effectively assess environmental
impacts throughout the life cycle of a buildinginfrastructure. Typical project life cycle
phases include planning and design, constructioomnaissioning, operation and
maintenance, refurbishment and demolition. The BBdhnology provides a decision
support foundation for assessing critical sourcesasbon emissions throughout the life
cycle of buildings and exploring more environmelytalistainable measures to improve the
building environment [7]. Applying BIM technologg tonstruction is conducive to further
promoting the realisation of green buildings, efifegly controlling energy consumption,
alleviating environmental pollution in constructionand effectively improving
environmental efficiency. Applying BIM technology the design phase of green buildings
can effectively improve the scientific, efficienindh rational design. Applying BIM
technology to the construction phase of green mgklcan control wastewater discharge
and noise pollution, which is conducive to unifyimgeen buildings’ economic and
environmental benefits [8].

Methods and materials

This paper takes an office building in Taiyuan C8janxi Province, Central China, as
a study object and uses BIM technology to investighe environmental benefits of green
buildings. The project covers an area of 350,000 with a total construction area of
267,300 A, a volume ratio of 0.58 and a greening rate of 38. This study takes its 28th
building to carry out energy consumption simulatitre total land area of this building is
9,800 M, and the total construction area is 9,850.64with 9,416.34 riiabove ground,
434.30 M underground, and 20.40 m height. Five floors abgneeind, one floor beneath,
concrete frame structure, one to five floors foops) offices, conference rooms, innovative
workshops, and the ground floor for the garage. phwect uses regional hot and cold
sources, and the host uses three ground sourcephegt units and three cold typhoon
inverter multi-online units. The power consumptiatio of the hot water circulation pump
of the central heating system is 0.01050; the ratithe circulating water supply and the
cooling ratio of the circulating water pump of th&-conditioning hot and cold water
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system is 0.100100; the air-conditioning system dait air consumption power is 0.20;
and the new wind system fan unit air consumptiowggois 0.21. The transition season
makes full use of self-heating resources to redurergy consumption, effectively ensure
the air conditioning effect, and significantly ingme the air conditioning area’s air quality.
The new air inlet and its access are configuredraiieg to the new wind, and the new duct
of the air treatment unit is equipped with a retpr@alve.

There are two essential points to the entire lifelec cost of a construction product:
first, it refers to the sum of all the costs of tidole life cycle consumed by the
construction product and directly related to thenstnuction product; second, the
calculation of the full life cycle cost takes iriocount the value of the fund time, i.e. the
annual value of the cost or the present valuelafxgdenses incurred during the life cycle.
The standardisation of raw data is sometimes atsodardised as raw data, the role of
which is to reduce all the original data accordingthe corresponding proportion [9].
According to the corresponding proportion, all thdicator data can be reduced to a fixed
interval so that different units and scales caul ltfre original data. Different units of values
have a comparable. The incremental cost of theremviental benefits of green buildings
refers to the increase in cost caused by increasipgrticular output under the technical
and production conditions of the BIM. Incrementadsts are defined in practice:
as full-service incremental costs and full-factoncremental costs. Full-business
incremental cost refers to the increased cost bfisiness class, which is generally used
with an appropriate bonus since it does not incledpected costs. Complete element
incremental cost refers to allocating the increasest and part of the standard cost of
a particular element. An appropriate bonus is neéeecompensate for the remaining
standard cost.

In the construction phase, BIM technology is edakrfbr the visualisation and
intelligent management after the construction pje completed. The BIM technology
allows project participants to extract and tradevant, valuable data, such as component
conditions, specification modules, maintenance ameration guides, and warranty
calibration. Therefore, BIM technology can enalil@oi participate in the design of the
whole life cycle of the construction project. Thenstruction project can achieve
reasonable real-time control at all stages, inclgdhe construction project design, by the
management personnel through the building informmatmanagement platform [10].
Operational activities throughout the life cycldoal project participants to extract
construction data information and visualise thegj@cts’ progress throughout the project’s
life cycle. At the same time, the application oflmg information model technology can
integrate the various areas of expertise of theahiotb a building model during the design
phase. Setting the corresponding detection ruleBIM technology can carry out the
corresponding collision verification, export degailinspection reports, and efficiently find
the components and position of the collision pipd Bne frame. The collision verification
can find the probability point of the pipe intersen and the appropriate height of the air
conditioning pipe, avoid unnecessary errors befanestruction, save human and material
resources, significantly improve the control accyraf collision verification, and improve
the modification and changes that may occur irctivestruction project process.

A series of environmental impact category repoés be formed through the green
building life cycle assessment, resulting in theigaof the building’s environmental impact
under different schemes. Because the green tedwnadopted at different stages is
different, it is necessary to correct it by settitggparameters, comparing and analysing the
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carbon emissions of projects under different sclsenaamd finally proposing effective
emission reduction measures [11]. Carbon emissimms construction waste’s demolition
and recycling phases are mainly divided into carbomissions from the demolition phase
and carbon emissions from the recovery and tredtpigases. This phase focuses on green
technologies such as recycling and using them tkenmew building materials to reduce
carbon emissions. The carbon emissions in the dgomobhase mainly come from the
energy use of the operation of the constructioripenent on site, and the carbon emissions
from the construction waste treatment phase maioiye from the energy use of the
on-site recycling equipment and transportation ganeint.

Analysis of results

Based on the five aspects of the environmental fiieref green buildings based on
BIM technology, the environmental benefits of gréetidings mainly include five aspects:
energy-saving, water-saving, land-saving, matedaiservation, and indoor environmental
improvement benefits. Conservation of building miate for green buildings, including
selecting materials according to local conditigms;chasing prefabricated concrete, using
recycling technology for building waste, and usir@newable building materials [12].
The model reduces the environmental pollution aratenml loss caused by building
materials in the long-distance transportation pgecand green buildings can also use green
renewable materials, recycled building materialschs as bubble board technology,
renewable insulation board technology in ordereituce waste and improve the efficiency
of building materials. The greening rates of lightjse, wind, thermal and air environment
of the green office building in Taiyuan City arel@®4, 0.496, 0.405, 0.148 and 0.486,
respectively, which are parallel to that of carlgnission factors which are 0.539, 0.591,
0.372, 0443 and 0.216, respectively (Table 1). Tmneen building based on BIM
technology can optimise the indoor constructiorolgyto achieve local sound insulation in
the room, reduce noise interference, and improeeattoustic environment. Secondly, the
green building in the construction process, or ugtothe sound insulation material, the
construction of its room peripheral protection stane, to achieve the purpose of sound
insulation through the enclosure structure.

Greening rate is typically estimated by calculatthg percentage of an area that is
covered by vegetation, such as trees, shrubs, eas$.gThis can be done using satellite
imagery, aerial photography, or on-the-ground sysveThe formula for calculating
greening rate is: (total area covered by vegetdtiotal area) 100 %.

Table 1
Analytical results of environmental indicators Erilding elements of the office building in Taiyu@ity,
Shanxi Province

Building elements Adyantage Greening | Power consumption | Carbon emission Vol_ume

weight [-] rate[-] [kWh] factor [-] ratio[-]
Light environment| 0.231 0.104 0.324 0.539 0.473
Noise environment 0.474 0.496 0.417 0.591 0.279
Wind environment 0.237 0.405 0.362 0.372 0.204

Thermal
environment 0.248 0.148 0.483 0.443 0.585
Air environment 0.564 0.486 0.384 0.216 0.262
System control 0.314 0.654 0.539 0.353 0.42¢
Performance 0.053 0.496 0.215 0.403 0.220
maintenance
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Power consumption is usually measured in units dbwatt-hours (kWh) or
megawatt-hours (MWh). The reason why it is ofteaspnted without a unit is because it
may be used as a relative measure, such as whepadom the energy efficiency of
different buildings or appliances. In such casé® focus is on the ratio of power
consumption before and after implementing energynga measures, rather than the
absolute value of power consumption.

Suppose the BIM technology is combined with greeifdings. In that case, designers
can choose more natural energy-saving and envirotaingrotection materials according to
the structure. Construction personnel can alsorcbtiie proportion of materials used
scientifically during construction, thus effectiyaleducing the problem of environmental
pollution and waste of resources and genuinelyisiegl green buildings’ environmental,
economic and social benefits [13]. Comprehensivayais in energy conservation is to
obtain more energy-saving benefits; in the uséhefwhole life cycle process, the need for
scientific and reasonable evaluation is to find tat key technology from the perspective
of environmental value. In order to choose an ogtitechnology solution, the model needs
to improve the green building project key technglagyaluation level [14]. The BIM
technology needs to be analysed from the dynanmategtion of green technology and
considered from the perspective of energy-savinmeediture in the whole life cycle of
green key technology to improve the level of greéechnology and promote the
environmental benefits of green buildings. The @éase of green building technology needs
to work from the internal rate of return perspeethy studying the difference in net cash
flow each year. The specific implementation proaessds to evaluate the environmental
and environmental benefits and improve the levelgoden building life technology
research. In the process of green building enviemtnimplementation, it is necessary to
realise the cost value, analyse the ecologicalfiisnevaluate the resources consumed, and
promote the continuous development of the greeldingiindustry from the perspective of
sustainable development.

The difference between green buildings based on Bibhnology and traditional
buildings is that green buildings use environméyntiiendly materials, thus effectively
avoiding adverse environmental impacts on buildinfhe environmental impact of
buildings is mainly reflected in two aspects: theddor and outdoor environment.
The effect of greenhouse gases on the indoor emwient is mainly reflected in the
pollution of materials, including building, decdmat, and furniture materials. Compared
with traditional buildings, green buildings have thenefit of resource conservation, which
is reflected in saving land resources, water ressjrmaterials and energy. The greening
rates in the planning, design, construction, debwggoperation, maintenance and
renovation stages of the green office building miylian City are 0.263, 0.597, 0.143,
0.283, 0.414, 0.302 and 0.632, respectively, whieh parallel to that of carbon emission
factor which are 0.473, 0.696, 0.765, 0.071, 0.24812 and 0.347, respectively (Table 2).
Building green buildings based on BIM technologwliges the rational use of land
resources. To protect land resources, designerddsbiee industrial waste such as slag and
fly ash and use as little or no clay brick as gassiln dismantling traditional buildings, the
efficiency of recycling rebar and high-priced alaimim is high, so there is no proper
recycling of other building materials. The advametad green building is that all building
materials can be developed and utilised to a ceestient, reducing the cost of cleaning up
developers and ensuring the economic benefitsteftises [15].
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Table 2
Analytical results of environmental indicators fanole life cycle of the office building in Taiyuaity,
Shanxi Province

Wholelife Advantage Greeningrate| Power consumption | Carbon emission |Volumeratio
cycle weight [-] [-] [KWh] factor [-] [-]
Planning 0.373 0.263 0.203 0.473 0.475
Design 0.048 0.597 0.492 0.696 0.587
Construction 0.203 0.143 0.037 0.765 0.234]
Debugging 0.173 0.283 0.278 0.071 0.196
Operation 0.384 0.414 0.386 0.245 0.446
Maintenance 0.232 0.302 0.121 0.212 0.139
Renovation 0.523 0.632 0.373 0.347 0.475

The environmental benefits of green buildings basedIM technology are creating
healthy, comfortable and safe indoor spaces fopleeand creating outdoor spaces that can
be coordinated and harmonious with the surroundicgogical and social environment.
The environmental benefits of green buildings canegally be optimised from indoor and
outdoor environments. Indoor optimisation can beedby eliminating indoor pollution,
while the outdoor environment can be optimised égucing the production of pollutants
and greenhouse gas emissions [16]. The influencéh@fenclosure structure of green
buildings based on BIM technology on the energyscomption of a building is mainly
reflected in the energy consumption of heating aadling insulation. The incremental
environmental benefits measurement of the energngaechnology of green building
enclosure structure should be measured from theaspects of coal-saving environmental
benefits in winter heating period and environmertahefits saving of summer air
conditioning. Environmental costs are directly teth and indirect costs are associated with
environmental impacts at all product life cyclegets. These include environmental costs of
acquiring raw materials, manufacturing and procgssienvironments, production
environment costs, use, circulation and consumppoocesses, recycling environment
costs, and environmental waste costs.

In green building design, many complex problems enadbtaining scientific
calculation results from traditional calculation theds challenging. BIM technology can
easily and quickly obtain the ideal, standard-cdamplcoordination results. The use of the
BIM technology first requires the builder to progidhe building’s three-dimensional
design, architectural effects, architectural desegjuirements, building floor plan and other
particular information and then requires a thirdtpdo do an excellent job in advance
lighting test to provide the correct analysis regad?]. The main contents of the report are
to detail the relationship between the surroundinddings and the design space, and the
curtain wall document should provide a detailedcdpion and analysis of the description
of light pollution. Its format is converted from el to wind environment analysis
software readable format. After a simple adjustmiérdan simulate the wind environment
and obtain results to judge the wind speed requrgsnof walking areas. If there is an
inappropriate place, it can be adjusted appropyidte make the subsequent construction
smooth. After all the data information obtained abinto the BIM, and then by adjusting
the analysis data into the format supported by gsha analysis program for simple
adjustment, it is easy to simulate the sun to betanalysis report, which can not only
prevent errors in the manual calculation but alfecévely save a lot of unnecessary
resources, to achieve the original intention oegrbuilding.



Environmental benefits of green buildings with Bt&thnology 197

Analysis of the environmental benefits of green buildings based on BIM
technology

By linking BIM to sustainability analysis, envirommtal impacts can be assessed more
effectively throughout the life cycle of a buildiray infrastructure. Typical project life
cycle phases include planning and design, congtnyjctcommissioning, operation and
maintenance, refurbishment and demolition. Desigybetieve BIM has the potential to be
applied at every stage to promote sustainable karigin. On the other hand, this
technology provides detailed physical and functicieatures of buildings that can be
combined with various environmental modelling mehto achieve the overall design and
evaluation of sustainable low-carbon buildings. Tuest reduction rates of light, noise,
wind, thermal and air environment of the greenceffbuilding in Taiyuan City are 0.091,
0.367, 0.405, 0.144 and 0.264, respectively, whiate a roughly negative relationship to
that of benefit growth rates which are 0.635, 0,3B806, 0223 and 0.385, respectively
(Table 3). The technology provides a decision stipipase for assessing critical sources of
carbon emissions throughout the life cycle of hodgd and exploring more
environmentally sustainable measures to improvebthikling environment, for example,
using the BIM framework for concrete and operatiar@abon quantification and analysis.
By combining the green building assessment progxétin BIM technology, designers can
use its data to evaluate and obtain green buils@oges to facilitate the evaluation process
[18]. Many countries are developing full integratiand automation of green building
assessments to enhance the use of BIM in greedititertification. The model combines
this technology and network map service technofdpe site location and transportation
analysis. Its use of BIM technology can help auten@nd optimise building sustainability
assessments and greatly simplify the green buildgsgssment process and certification.

Table 3
Analytical results of environmental benefits of tiféce building in Taiyuan City, Shanxi Province
Analytical Cost reduction |Benefit growth |Energy efficiency Resource
elements rate[-] rate[-] [-] utilisation rate[-]
Light environment 0.091 0.635 0.295 0.546
Noise environment 0.367 0.398 0.686 0.274
Wind environment 0.144 0.606 0.168 0.574
Thermal environment 0.264 0.223 0.435 0.619
Air environment 0.335 0.385 0.384 0.843
System control 0.190 0.684 0.119 0.444
Performance maintenance 0.482 0.484 0.322 0.246

The design of green buildings based on BIM techypls mainly reflected in energy
conservation, which fully uses solar energy fortimga reduces air conditioning and
collective heating, and ultimately achieves eneognservation. Peripheral protection
structure is the most important content of buildiagergy-saving design. Peripheral
protection structure energy-saving measures refethé roof, exterior walls, doors and
windows and other aspects to take adequate measunesulation, such as by increasing
the area of doors and windows to increase lighting ventilation area, improve the
material’'s insulation and insulation and improve ttiosed doors and windows. Green
buildings use renewable energy sources, usuallyr sodd geothermal, and are the most
accessible renewable energy sources. Intelligeshntdogy energy saving is to
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air-conditioning units, new wind units, refrigei units and lighting facilities to
implement optimal control to maximise the reductioh building power consumption.
As for building energy consumption, lighting is mifjcant; indoor and outdoor lighting
systems should consider energy-saving light soudessps and accessories. In order to
save energy consumption, green buildings usuallyafficient new energy-saving lamps,
public areas of lighting using high-efficiency lighources, and high-efficiency lamps and
delay or voice control switches while paying atiemtto natural lighting site energy-saving
measures. The system should control the energgiesfliy ratio of equipment and the
transmission efficiency of the pipe network systduildings with centralised heating or
air conditioning systems can install new wind syseto recycle energy and achieve
relatively objective economic and environmentaldfia [19, 20].

Conclusion

This paper takes an office building in Taiyuan C8panxi Province, Central China, as
a study object and uses BIM technology to invegtighe environmental benefits of green
buildings. This study conducts the selection ofaaalytical index system, implements the
construction of a systematic evaluation method,ppses a quantitative combined
evaluation framework of the environmental benefifs green buildings, analyses the
measurement of the incremental environmental cpstforms the measurement of
incremental environmental benefits, and finallycdisses the analysis of environmental
benefits of green buildings based on BIM technolo@ize BIM technology provides
a decision support base for assessing criticalcesuof carbon emissions throughout the
life cycle of buildings and exploring more enviroentally sustainable measures to
improve the building environment, for example, gsihe BIM framework for concrete and
operational carbon quantification and analysis.iEmmental costs are directly related and
indirect costs associated with environmental impattll stages of the product’s life cycle,
including the acquisition of raw material environrted costs, manufacturing and
processing environment costs, production environmeosts, use, circulation and
consumption process environmental costs, recy@mgronment costs, and environmental
waste costs. The results show that the measuralisre$ incremental environmental costs
of the office building in Taiyuan City in land sag, energy saving, water saving, material
saving, indoor environmental quality and operatienagement are decreased by 13.56 %,
11.02 %, 25.17 %, 14.43 %, and 15.25 %, respeygtiu@remental environmental benefits
in land saving, energy saving, water saving, matedving, indoor environmental quality
and operation management are increased by 23.180%®7 %, 19.30 %, 18.25 %, and
22.53 %, respectively. Those suggest that the BEdhnology applied to the complete life
cycle cost analysis of green buildings can tesgsuee and guide all the steps of building
design, construction and maintenance and largelst e criteria of resource-saving and
energy-saving. The results of this paper providefarence for further research on the
environmental benefit analysis of green buildingsddl on BIM technology.
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