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ABSTRACT

This study was conducted to assess cost-benefit analysis and payback period of two green buildings located in
Tamil Nadu. In this context, two buildings in gold and platinum categories according to the LEED certification system
were studied to present the actual expenses caused by greening. For gold and platinum certified building respectively; the
additional construction cost was found to be 7.43% and 9.43%, the share of soft cost in total construction cost was stated to
be 0.84% and 1.31%, reduction in annual energy consumption cost was determined as 31% and 40%, also additional
construction cost's payback period was calculated to be 0.41 and 2.56.

KEYWORDS: Green building, LEED-certification system, Construction costs.
I. INTRODUCTION AND BACKGROUND

LEED

LEED is a national certification system developed by the U.S. Green Building Council (USGBC) to encourage the
construction of energy and resource-efficient buildings that are healthy to live in. LEED stands for Leadership in Energy
and Environmental Design. USGBC established LEED as a way to define and measure “green buildings.” This is a
voluntary, market driven building rating system based on existing proven technology. After the pilot launch in 1998 for
LEED New Construction, LEED Existing Buildings, LEED for Commercial Interiors and LEED for Core and Shell.
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Leadership in Energy and Environmental Design (LEED), which has played an important role in spreading the
green building certificate system approach worldwide, aims to reduce negative environmental effects of buildings and
ensure energy efficiency. To be successful, a green building project is expected to cost less than what it brings during the
lifetime of the building. We will estimate the extra constructions costs required to have two buildings in Tamil Nadu
LEED-certified.

Because of the definition of what constitutes a green building is constantly evolving, the green building definition
varies and there are numerous definitions for the green building. While green building is also known as a sustainable or
high performance building, the Environmental Protection Agency (EPA) defines green building as follows: the practice
of creating structures and using processes that are environmentally responsible and resource-efficient throughout a
building's life-cycle from sitting to design, construction, operation, maintenance, renovation and deconstruction. This
practice expands and complements the classical building design concerns of economy, utility, durability, and comfort [1-
6]. In the course of design and construction, green buildings use recycled materials, less water, less energy and resource
efficient techniques, thereby minimising adverse impact on the environment. Accordingly, green building construction
process implicates environmentally, socially and economically [4,7- 11].

The members of the United States Green Building Council (USGBC) achieved a consensus on supporting green
buildings and acknowledged that it was necessary to promote higher economic vitality and environmental health and lower
costs. The LEED system, which was developed within the framework of efforts carried out to this end and expanded its
application area since the year 2000, is constantly being updated in line with changing conditions and needs and as new
versions emerge. LEED v3 is the next version of the LEED green building certification system. Launched in 2009, LEED
v3 builds on the fundamental structure and familiarity of the existing rating system, but provides a new structure for
making sure the rating system incorpo-rates new technology and addresses the most urgent priorities like energy use and
CO2 emissions. LEED v4, which is the latest version released in 2013, seems to address new sectors unlike previous
versions, has increased technical requisites, shows improvements in environmental issues such as climate change and
supports optimization in energy and water consumption. LEED v4 is more clear, easier to understand and implement and
more functional. In addition, it lays greater emphasis on material and product transparency and brings innovations that
increase the role of technology. Thus, LEED lays a foundation for its future versions and seems to progressively continue
its leadership throughout the world despite the efforts of various countries to develop national certification systems [12—
16].

LEED is a point-based system; different green features of a building will earn different points. LEED projects earn
points by adhering to prerequisites and credits across some measurements for building excellence from integrative process
to indoor environmental quality. The number of points the project earns determines its level of LEED certification. Based
on the number of credits achieved, a project earns one of four LEED rating levels: Certified, Silver, Gold, and Platinum. A
basic LEED certification is awarded if a building amasses between 40 and 49. LEED Silver and Gold certifications are 50—
59 and 60-79 points respectively. The highest LEED certification is LEED Platinum, awarded to buildings that attain 80 or
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more points. Within each of the LEED credit categories, projects must satisfy prerequisites and earn points. The basic
credit categories of LEED certification include the following: Sustainable Sites, Water Efficiency, Energy and Atmosphere,
Materials and Resources, Indoor Environmental Quality, Innovation in Design and Regional Priority [12—16].

Considering the studies performed in order to reveal the cost of green buildings in comparison to conventional-
standard buildings, early studies initiated in 2000 mentioned an additional cost of more than 25% based on inexperienced
estimations, whereas it was revealed in the light of more realistic data in following years that the additional cost of
certification was less than feared. As a result of studies conducted in the US using a large data set, LEED certification costs
were determined to increase the total construction cost by 4-11% [17]. Some researches argue that green buildings cost is
not greater than conventional buildings; they suggest that green features can be achieved with little or no added extra cost
[18-22]. Kats et at [22] analyzed the cost of 33 LEED certified green buildings compared to conventional designs for those
buildings and found that the average premium for these green buildings is slightly less than 2%, substantially lower than is
commonly perceived. It was found that the financial benefits of green buildings are approximately ten times larger than the
average initial investment required to design and construct a green building. In a later study, Kats [23] conducted a survey
for 170 green buildings in the United States and some other countries and concluded that the average cost increase for
building green was 1.40%. In addition, compared with non green buildings, it was found that a direct energy cost reduction
of 34% [24]. In a study conducted in California with new buildings in four different categories, the additional cost was
found to be 0-2.50% for certified buildings, 0-3.30% for Silver buildings, 0.30-5% for Gold Buildings and 4.50-8.50% for
platinum buildings [25]. 90 non-certified buildings and 50 certified buildings were examined in a report on the cost of
green buildings in 2004 and the assessment of the data related to the construction cost for different LEED certificate levels
revealed that there was no statistically significant difference between the cost of standard buildings and the cost of green
buildings [18]. Studies performed in following years presented that there was no significant difference between the cost of
standard buildings and the cost of green buildings [19].

In a study on soft cost elements conducted in Chennai, it was suggested that registry, approval and consultancy costs
which were determined to be soft cost elements, could affect decisions of investors to develop green buildings [26]. It was
shown in a study on operating expenses of 6 LEED certified buildings that certified buildings per-formed better compared
to the reference building in terms of water and energy consumption [27]. Gabay et at. [28] Estimated the optimum
alternative, leading to maximum savings in resources use, and the economical alternative, which minimizes initial
investment. The opti-mum alternative, involved an additional cost, ranging between 4% and 12%, whereas under the
economical alternative the additional cost was only 0.12-1.33%. The relationship between energy costs and operating
expenditures was tested in a study in the US conducted with a large data set containing once buildings and their rents.
Contrary to expectations, it was found that eco-certification was correlated with higher energy expenses [29].

A methodology was suggested in a study to analyze the green value in the assessment of green buildings. In this
methodology, the wasted/ saved energy was accepted to be the difference in energy demand between a reference building
and a green building [30].

Copyright to IJIRSET DOI:10.15680/1JIRSET.2019.0802050 2028


http://www.ijirset.com

\@_ ISSN(Onling): 2319-8753

[JIRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor, Monthly, Peer Reviewed Journal)
Visit: www.ijirset.com
Vol. 8, Issue 3, March 2019

Literatmra Ravisy

Identifying the =reen Technology
buildines

[.I.:.I.a';l.r.iﬁ-:aﬁan of graen lbui]d.ing \]

[ Analysis of reen bul ding cerifisd
projects in India

Dietzil Ressarch of Graan
Technalazy

LEED cradit categoriss

LEED Level Centification

[ Indizn Green Buslding Council (1GEC] |

Benefits of Grozn Building

|

[ Comparative Anshysis of Grean Budldine Rating Systems ]

|

[ Perception and Implementation of Geeen Desimm ]

Fig No 4: Methodology

A study in India aimed to review the literature on the green building construction movement and green building
assessment systems. Benefits and costs, and green design strategies were reviewed and their effects on the future of
sustainable development in India were discussed [31]. In a study on financial effects of green buildings, it was pointed out
that the value of a piece of real estate was not only composed of its economic value but it was also possible to mention
environmental, social, cultural and image values depending on the capacity of technical, economic, functional,
environmental, social and aesthetic performances to con-tribute to said real estate's value [32]. Buildings in the same sub-
market were compared in a study on effects of certification on price of commercial real estates in the US and it was found
that the rental premium was about 5% and the sales premium was about 25% in buildings evaluated with the LEED
certification system [33]. With the aim of assessing the application of green elements to the building development process
in terms of cost and difficulties encountered in China, three case studies in which additional costs were analyzed showed
that high costs, considered being the main obstacle, restricted comprehensive green technology applications [34].
Statistically significant differences were found in a study on effects of non-environmental quality related factors on user
satisfaction in LEED certified and non-LEED certified buildings, however, it was also stated that effects of these
differences were practically negligible [35]. In a study on effects of the plant cover on the energy saving performance in
LEED certified buildings, although the plant cover was found to decrease negative heat transfer significantly, it was shown
that it was not cost-effective in winter or regions with cold climates [36]. In a study on the effectiveness of LEED
certification in energy consumption and greenhouse gas emission in large once buildings in New York, LEED gold
certified buildings were found to perform 20% better [37].

Studies carried out by the World Green Building Council (WGBC) address the cost of green buildings with
comprehensive reports based on global projects. In a report prepared in 2013, it was stated that the cost of design and
construction was not higher for green buildings compared to standard buildings when cost strategies, program management
and environmental strategies were integrated to the project development process from the very beginning. The reduction in
long-term operating and maintenance costs with the efficient use of energy and water is considered to be the money-saving
feature of green buildings. It is suggested that the cost of design and construction should pay on in a reasonable time with
energy saving alone [38].
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There are several environmental methods for evaluating environmental performance of buildings. The available green
building assessment systems worldwide are built upon various principles and different evaluation tools, data and criteria. It
is stated that there are more than 30 green building assessment systems. Some of them which are members of WGBC and
widely accepted as the following:

¢ Green Star (Australia),

+* DGNB (Germany),

% 1GBC (India),

+»* CASBEE (Japan),

< BREEAM (the UK),

¢ LEED (the USA) and also
¢ HQE (France)

INDIAN GREEN BUILDING COUNCIL (IGBC)

®
'LEED 2009
1 Levels of Certification
= = LEED NC LEED 2009
i. Certified 26-32 points 40-49 points
Silver 33-38 points 50-59 points
2 = Gold 3951 points | 60-79 points
@,%} /f’éé) Platinum 52 + points 80- 110 points
%?‘?—Eﬁ oo ® Total Possible | 69 points 110 points
W e NCineerin ccivil. com
Credit: US Green Building Council 20
Fig No 5: Indian Green Building Council (IGBC) Fig No 6: LEED Points — Levels of Certification

Industry (CI1).The aim of the council is to bring green building movement in India and facilitate India to
become one of the global leaders in green buildings by 2015.

IGBC RATING SYSTEM

IGBC has developed green building rating programmers’ to cover commercial, residential, factory buildings,
etc. Each rating system divided into different levels of certification is as follows:
1. Certified to recognize best practice
2. Gold to recognize national excellence.
3. Platinum to recognize global leadership

Il. RESEARCH FRAMEWORK

Under the scope of the buildings examined, the objective of this study was determined as to present the realized
construction costs and actual operating expenses caused by LEED system. In this context, this study has been
conducted to assess cost-benefit analysis and payback period of two green buildings located in Tamil Nadu. Thus,
subject buildings have been studied to present the sustainable features and additional costs caused by LEED.

The main material of the study consists of the data obtained from two green buildings selected based on the
relevant literature data and the field study. Two buildings in gold and platinum categories according to the LEED
certification system located in India the main material of the study.
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The compilation of the relevant literature data showed that the increased project cost was an accepted fact for the
LEED certification process. Accordingly, the total cost of the project included land acquisition, preparation of the
construction area, permissions, design and construction costs, landscaping, furniture and fixtures. The construction cost
refers to expenses for construction of the building by the contractor according to design features and excludes costs
related to land, design, furniture and fixtures and other elements. More than half of the construction costs consist of
green features such as alternative systems, applications and materials, which bring points under the LEED system.
Costs other than the construction costs, referred to as soft costs, include certificate application and approval costs,
consultancy and commissioning costs and additional design costs [17,19,42]. In addition, it is considered that additional
costs which set green buildings apart from standard buildings should be evaluated together with benefits throughout
their economic life. It is necessary to perform an economic analysis with the costing method called the total cost of
ownership or the life-cycle cost, which includes future benefits [21, 42— 52].

For both buildings in the study, the application manner and amount of the criteria required by the LEED
certification system were examined on site and from documents, written and visual; documents related to technical and
architectural features were obtained, individual inter-views were conducted with authorized persons and relevant
registry systems were used to compile total project costs, soft costs, construction costs and energy expenses. In this
context, it was observed that there were difficulties in terms of accessing the data related to project development and
construction and operating costs and the general attitude was reluctant and hesitant.

The basic method of the study is made up of data collection, field survey-analysis, individual interviews and case
study based on observation. Also, static methods such as cost-benefit rate and payback period were used in the analysis
of costs.

11l. RESEARCH FINDINGS

This section covers the general information related to the buildings, their technical and architectural features and
sustainability criteria and includes the evaluation of the data related to construction costs and operating expenses.

3.1. Examination in terms of general features and certification criteria

The scores of the two buildings in the study according to the LEED certification system assessment of the
buildings’ sustainability features were summarized in Table 3.1.

Table 3.1
Comparison of Quantitative Values of Sustainability Criteria.
S| Score
No Certification Categories | Scoring LEED- LEED- Comparison of Quantitative Values of Sustainability
Gold Platinum Criteria.

1 | Sustainable Sites 26 22 22 K] 5 .

2 | Water Efficiency 10 6 10 0] -

3 | Energy and Atmosphere 35 21 19 w5 a, Ty

4 | Materials and Resources 14 6 8 »
- 15

5 Indoc_>r Environmental 15 7 13 "

Quality 5 |

6 | Innovation 6 4 5 0 .

7_| Regional Priority 4 4 4 R e e e
TOta| SCOFE 110 70 81 Certification Categories Qualy

As can be seen on Table 3.1 that the platinum certified building stood out with a full score in the
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water efficiency category. In addition, the building managed to achieve platinum certificate level with points
scored for both its indoor environmental quality and its innovative design. The score of the platinum building in the
materials and resources category was significantly higher compared to the gold certified building as well. The gold
certified building scored the highest points in the sustainable sites category. Being in an organized industrial zone was a
great advantage for the building, helping it to obtain a higher score, since it is a fact that contributes to preservation of
green spaces and agricultural lands. On the other hand, although the gold certified building stood out with points scored
in the energy and atmosphere category, it scored lower compared to the platinum certified building.

According to the information given by the related persons; it was found that both gold and platinum certified
buildings were showed parallels in terms of project development, planning, construction and certification periods and
also had similar features in terms of the purpose of use and also were planned in full accordance with the wishes of
their owners and developed as need-specific projects. In the other words, both buildings were planned for the use of
their owners and the building was attempted in a way that they would respond to their needs as much as possible,
reflect their corporate identity, support their vision and ensure prestige. Thus, subject buildings have been planned
without much consideration to profitability and with ease of use, image, prestige, comfort, quality, durability and
aesthetics in mind and built as energy efficient buildings to this end, aimed to obtain a LEED certificate. Gold and
platinum certified buildings both have been built with a comprehensive project management taking economic and
environmental strategies into account from the planning stage and control and monitoring necessary for a LEED
certificate were provided by LEED consultancy and commissioning services.

3.1.1. Gold certified building

The building has a total construction area of 4131 m? and a land area of 3764 m% The building has a total of 4
floors including and once area in the basement floor. The service area, also referred to as workshop, is built on 670 m?
and used for sales and maintenance-repair services for heavy equipment. Applications aimed at comfort, aesthetics and
quality are evident throughout the interior of the building, which is located in an industrial area and stands out with its
general appearance and green features.

The features of the building that stand out and meet the LEED certification criteria are a trombe wall, rainwater
harvesting system and green roof system.

Within the context of rainwater management, perforated stones are used in the parking lot in order to allow
rainwater to penetrate through soil and be absorbed by soil to preserve underground water resources and their quality. It
is observed that water saving is achieved in the building with the storage and distribution system which makes it
possible to reuse the rainwater stored on the roof of the building. The choice of plants appropriate to the environment
and low water consumption in landscaping and the use of a drip irrigation system to reduce water consumption are
other measures that allow for water saving.

The green roof built in order to increase the use of green space presents a design example that provides connection
with the nature. In addition to visual aesthetics, acoustic and visual privacy, shading, additional insulation and
improved air quality, the recreational area created with green roofs is known to have positive effects on human health
and contribute to development of green consciousness. The green roof retains water during heavy rain falls and reduces
the load on the draining system, and thus presents an innovative solution to problems caused by rainwater.

3.1.2. Platinum certified building

The building was developed as the once of an organization and the project works started in September 2011, with
the construction starting in August 2012 and ending in October 2013. The building has a total construction area of 5397
m? and a land area of 1295 m® The building has a total of 7 floors including three basement floors. The building is
surrounded with luxurious residential areas containing housings, once, sport facilities, and shopping malls where real
estate prices are relatively high.
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The building has been granted various awards due to its original architecture and design approach. The features of
the building that stand out and meet the LEED certification criteria are thermal labyrinth system, thermal concrete slab
heating and cooling system, chilled beam system, metal mesh curtain wall and a ventilation system that improves
interior air quality.

3.2. Examination in terms of costs and operating expenses

Documents such as project files, survey summaries and progress payments were obtained and energy modelling
programs were examined and analyzed in order to assess additional cost increases and

Table 3.2
Construction features and construction costs of buildings.

Sl Green Building Certification LEEDv3-Gold LEEDv3-Platinum
1 | Type Office and Service Building Office Building

2 Status New Construction New Construction
3 Form of Ownership Owner Owner

4 | Project Start Date October 2011 September 2011

5 Number of Users 35 30

6 | Construction Start Date July 2012 August 2012

7 | Construction End Date September 2013 October 2013

8 | Land Area 3764 m° 1295 m*

9 | Unit Land Trading Value 398.51 /m” 1158.30 /m”

10 | Total Construction Area 4131 m° 5397 m*

11 | Number of Floors 1+3=4 3+4=7

12 | Building Coverage 1460 m* 458 m*

13 | Total Height 12.20m 22.70m
14 | Total Project Cost 4,363,072 11,971,768.27
15 | Total Construction Cost 2,877,423.23 10,257,574

determine energy efficiency rates and operating costs for the green buildings in the study. The data collected as a
result of individual interviews with the building owner, the project manager, the operating manager, the LEED
consultant and the system commissioning and control specialist were compiled. When the data summarized in Table
3.2 is examined, it can be seen that measures and steps taken in order to effectively implement sustainable features
stipulated by the LEED certification system increased the total project cost for both buildings, the project cost
increasing according to the level of certificate and the total project cost of the platinum building being significantly
higher.

Considering that the data related to total project costs cannot be obtained in most studies and only the data related
to construction costs are present, studies that use comprehensive data sets seem to evaluate results based on total
construction costs only [6]. In this study, on the other hand, we were able to obtain the total investment costs and
assessments were made using both total construction costs and total investment costs.

In order to determine actual annual operating expenses, the documents related to electricity, water and natural gas
consumption were obtained and annual consumption volumes and total amounts were found. In addition, the energy
modelling programs were examined and actual and projected energy savings rates of the buildings were compared to
the reference building. Maintenance, repair, personnel and service savings rates were not included in the assessment.

In order to determine actual annual operating expenses, the documents related to electricity, water and natural gas
consumption were obtained and annual consumption volumes and total amounts were found. In addition, the energy
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modelling programs were examined and actual and projected energy savings rates of the buildings were compared to
the reference building. Maintenance, repair, personnel and service savings rates were not included in the assessment.

Table 3.3

Green cost for the gold certified building.

Si No Description Cost (Rs)
1 Total Investment Cost 4,477,609
2 Total Construction Cost 2,877,423.23
3 Unit Construction Cost (/m?) 696.54
4 Unit Investment Cost (Rs/m®) 1084

LEED Application, Certification, Consultancy and 13,035
6 Commissioning Fee
7 Additional Design Cost 11,146
Additional Construction Cost 189,647
9 Total Green Building Certification Cost 213,828
10 Unit Green Building Certification Cost (/m?) 51.76
11 Percent of Total Investment Cost (%) 4.78
12 Percent of Total Construction Cost (%) 7.43

3.2.1. Gold certified building

The land with a surface area of 3764 m? was purchased for 398.51 Rs/m? in June 2012 and the construction was
initiated with a total construction area of 4131 m? in July 2012. It was found that the actual investment cost was Rs
4,477,609 at the construction completion date, September 2013. The unit investment cost was calculated to be 1084
Rs/m? and the unit construction cost was calculated to be 696.54 Rs/m? for the total construction area.

The cost of each additional green feature was identified for the green cost analysis considering the all items that
separate the green building from a standard building, thus the green building certification cost was calculated. The
share of the total green building certification cost in investment and construction costs is shown in Table 3.3.
According to these values, when all investments identified to be aimed at constructing a sustainable building including
the soft costs are taken into account, the green cost was found to be 4.78% in the total project cost. This figure
increased to 7.43% in the total construction cost.

3.2.2. Platinum certified building

The land with a surface area of 1295 m? was purchased for 1158.30/m? in May 2012 and the construction was
initiated with a total construction area of 5397 m? in August 2012. It was found that the actual investment cost was Rs
12,096,553.43 at the construction completion date, October 2013. The unit investment cost was calculated to be
2241.35/m? and the unit construction cost was calculated to be 1901/m? for the total construction area.

The share of the total green building certification cost in investment and construction costs is shown in Table 3.4.
According to these values, when all investments identified to be aimed at constructing a green building including the
soft costs were taken into account, the green cost was found to be 8% in the total project cost and 9.43% in the
construction cost. In this context, costs of all investment items such as thermal labyrinth system, chilled beam system,
green roof system, photovoltaic panel system, gray water treatment system, solar collectors, rainwater harvesting
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system, and lighting and ventilation automation were included in the calculation. Accordingly, additional costs for unit
construction area were calculated to be 179.25/m?.

Table 3.4

Green cost for the platinum certified building.

Si No Description Cost (Rs)
1 Total Investment Cost 12,096,553.43
2 Total Construction Cost 10,257,574
3 Unit Construction Cost (/m?) 1901
4 Unit Investment Cost (/m?) 2241.35
7 LEED Application, Certification, Consultancy and

Commissioning Fee 68,188.47
Additional Design Cost 66,221.82
Additional Construction Cost 832,998
10 | Total Green Building Certification Cost 967,408.29
11 | Unit Green Building Certification Cost (/m?) 179.25
12 | Percent of Total Investment Cost (%) 8
13 Percent of Total Construction Cost (%) 9.43

When only soft costs were taken into account, it was found that the share of soft costs was found to be 1.11% in
total project cost and 1.31% in total construction costs. Accordingly, soft costs for unit construction area was calculated
to be 24.91/m?.

3.3. Cost and benefit analysis

In order to reflect the resulting benefits on costs, additional costs identified for each building were compared to
savings amounts throughout the economic life. To this end, the present value formula was used for the capitalization of
energy savings, similar to.

PV=Ax[(L+f)n =D/ +f)nxf)]

Where;

PV: Present Value

Annual Cost Savings (Year)

f: Annual Discount Rate (%)

n: Economic Life (Years)

When determining capitalized savings value, the increase in unit price of natural gas, electricity and water was
ignored, the discount ratio was taken 8% according to Eurobond interest rates, and inflation data, real estate risk
premium and the economic life was assumed to be years.

The present value of the annual energy savings for the gold certified building, which was found to be Rs-15,398 in
Section 3.2.1, was calculated to be:

PV =15, 398 x [(10.08) 20 — 1)}/ [(10.08) 20 x 0.08]
= 15, 398 x 9.818 = Rs 151, 177.56
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For the gold certified building, the value of the annual energy savings amount per unit construction area was 3.73
Rs/m? and its present value of 20 years was calculated to be 36.60 Rs/m?. It was found as a result of the comparison
between the present value of energy savings and the unit value containing all additional investments (51.76 Rs/m?), the
payback period was determined to be 1.24 years. In other words, it was shown that the additional cost for sustainable
features of the gold certified building was recovered in 1.24 years with savings from energy and water only. It was
determined that the unit net present value of the initial investment for additional expenses decreased to 15.16 Rs /m?
when the benefit from energy savings is taken into account.

The present value of the annual energy savings for the platinum certified building, which was found to be Rs 27,715
in Section 3.2.2, was calculated to be:

PV =27,715 x [(10.08) 20 — 1)}/[ (10.08) 20 x 0.08]
= 27,715 x 9.818 = Rs 272, 105.87

For the platinum certified building, the value of the annual energy savings amount per unit construction area was
5.14 Rs/m2 and its present value of 20 years was calculated to be 50.42 Rs/m2 It was found as a result of the
comparison between the present value of energy savings and the unit value containing all additional investments
(179.25 Rs/m?), that the payback period was determined to be 3.08 years. In other words, it was shown that the
additional cost for sustainable features of the platinum certified building was recovered in 3.08 years with savings from
energy only. It was determined that the unit net present value of the initial investment for additional expenses decreased
to 128.83 Rs/m? when the benefit from energy savings was taken into account.

Based on the results of the two case buildings, it can be found that the annual operating costs savings amount per
unit construction area of the platinum certified building seems to be 1.38 times higher than that of the gold certified
building. Considering that only energy and water savings are taken into account in this calculation, it is believed that
the calculated payback period will be shorter and cost-benefit ratio will be higher when inestimable benefits from
productivity and health in addition to benefits from operating and maintenance services are added to the equation.

IV. DISCUSSIONS

The paper has discussed two green buildings’ construction costs caused by LEED. Accordingly, it is
concluded that the gold certified building requires a lower additional cost compared to the platinum certified
building, additional costs are recovered in a shorter period of time considering the present value of savings amounts
for the gold certified building, and therefore, it is a more profitable investment to construct a gold certified building.
It is believed that the higher number of gold certified buildings in the world and in Tamil Nadu in INDIA supports
this conclusion. Compared to rates determined in previous studies on the subject and considering the undeveloped
green building market in Tamil Nadu, the findings obtained in this study are considered to bereasonable.

Table 3.5

Cost-Benefit Analysis for Example Buildings.

Gold Certified Building Platinum Certified Building
Amount 2 2
Rs Rs/m Rs Rs/m
Additional Cost 213,828 51.76 967,408.29 179.25
Annual Savings 15,398 3.73 27,715 5.14
Present Value Of Annual Savings 151,177.56 36.60 272,105.87 50.42
Present Value of Additional Costs 62,650.44 15.16 695,302.42 128.83
Payback Period (Years) 0.41 2.56
Cost-Benefit Ratio 2.41 0.39
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Although there are efforts to follow in the footsteps of current developments in the world and accelerating the
development of the green building sector in Tamil Nadu , it seems that the awareness regarding sustainability and
energy efficiency has not yet been created in the real estate market, the ability of green features of buildings to adapt to
the market has not yet developed and the market is not transparent and sustainability-oriented.

Furthermore, it can be estimated that the developments in the field of green buildings, picking up speed both
in the world and in Tamil Nadu , will progress even further with the economic, environmental and social sustainability
approach. Also, it is believed that steps such as establishing new-generation living spaces on a neighbourhood and city
scale, promoting sustainable construction and installing systems that will facilitate the use of renewable energy in
buildings must be accelerated. Within the context of developments that will increase the priority of green buildings in
terms of preference, goals related to cost reduction must be accomplished. In addition, it is estimated that the change in
perception initiated with increasing social awareness will be effective in developing the green building sector.
Trainings, projects and models are believed to be efforts that will contribute to the progress of the sector and spread of
green buildings.

V. CONCLUSIONS

This paper presented a review of LEED's impacts on construction costs by examining two buildings in
Tamil Nadu LEED-certified. The study concluded that:

» An additional construction cost was found 7.43% for the gold certified building and 9.43% for the platinum certified
building. In other words, the unit cost of green elements was 3.46 times higher for the platinum certified building
compared to the gold certified building.

* In spite of this, a cost decrease of 31% was evident in the gold certified building and a cost decrease of 40% was
evident in the platinum certified building thanks to energy and water savings.

» Even without adding difficult-to-quantify benefits such as productivity, health, increase in indoor air quality and
preservation of the nature, the payback period calculated by taking the present value of energy and water savings
during the operating period and additional green costs into account was 0.41 for the gold certified building and 2.56
for the platinum certified building.

* In addition, the share of soft costs in total construction cost was found to be 0.84% for the gold certified building and
1.31% for the platinum certified building. Thus, it was determined that the increase in the level of certificate resulted
in an increase in cost and a high level of certificate led to more savings from operating costs.

» When only the benefits from water and energy savings are taken into account, it was calculated that additional costs
were recovered in a shorter period of time in the gold certified building in comparison to the platinum certified
building and it was predicted that this period would be even shorter when other functional, environmental, social and
aesthetic performances were added.

 In addition, it was found to be important to separate cost items related to a green building certificate when assessing

the cost of sustainability. There were uncertainties about which construction costs were to be added due to the LEED
certification process; however it was determined that all soft costs had to be included in the calculation.
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