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1. Introduction

Sustainability is to maintain a level of natural resources that is necessary for the
survival of life on earth [1]. For life's existence, infrastructure such as buildings is one of the
basic needs which leads towards the construction industry. However, the construction
sector has been considered the third principal contributor of GHG emission to the
environment despite it being the backbone of infrastructure [2]. More than 70% of
greenhouse gas is emitted from the buildings sector [3]. Energy utilization in the building
sector is the basic concern for sustainable comfortable living [4]. Sustainable development
encounters the essentials of the existing generation without compromising the ability of
upcoming generations to meet their specific requirements [5]. Energy consumption was
increasing over time and this trend in the world raised serious concerns about
environmental impacts and other problems [6]. The global energy consumption trend
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unveiled that energy demand will grow up by over one-third by 2035 [7]. Fig. 1 provides an
overview of project energy demand.
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Figure 1. Increase in Global Energy Demand [8]

Besides many other solutions for sustainability, the implementation of virtual
innovations, Building Information Modeling (BIM), an early stage of building design
inceptions can provide valuable support for energy assessments. The idea of utilizing BIM
refers to the modeling technology & related set of procedures to produce, communicate,
and analyze the structural models [9]. New buildings and renovations in the construction
industry can carbon-neutral as envisioned by the ARCHITECTURE 2030 challenge. All this
required to avoid the environmental impacts of the building sector on climate resulting in
greenhouse gas emissions, rise in temperature and sudden environmental changes, etc. [10]

By using BIM for high rise buildings, the maximum sustainability concerns in terms of
energy by optimizing the energy performance of high-rise building can be investigated. Such
energy analysis can address the issues related to energy optimization.

2. Methodology

The scientific approach adopted for the achievement of the proposed objectives is
illustrated in Fig. 2. After the selection of the case study, the virtual model of the building
was developed using Revit. The 3D model was then transformed into the energy model to
perform the energy analysis in Insight 360. Two iterations were performed, one for original
building attributes and the other with modifications for optimization. Based on the results, a
comparative analysis was performed to observe the energy differences achieved.

Case Study 3-D Model Energy Model
High Rise Building Revit Insight
Optimization | Energy Analysis | Cloud Computing
Savings Results Trends

Figure 2. Workflow
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2.1 Case Study
A sixteen-story building located in the capital city of Pakistan has selected and been
analyzed. The developed 3-D model is presented in Fig. 3.

Figure 3. Perspective Views of 3-D Virtual Model

2.2 Energy Analysis

3-D virtual BIM model was assessed for energy consumption using Autodesk
Insight360 at 8° clockwise from True North, Fig. 4. At this point, the average energy of 267
kWh/mZ/yr was observed for the simulated model. The upper and lower limit of energy
consumption were 1004 and 38 kWh/mZ/yr, respectively. ASHRAE 90.1 benchmark value
was 290 kWh/mZ/yr and Architecture 2030 goal for a sustainable future was 110
kWh/m?/yr. However, our achieved energy of 267 kWh/m?/yr was higher than Architecture
2030 goal and required to be lowered for a sustainable future.

a. Orientation Benchmark Comparison b. Average Annual energy
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Figure 4. Average Annual Energy Consumption at the original location of the building
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2.3 Energy Optimization
After the energy analysis, optimization of this orientation was done based on the
guidelines and factors mentioned below in Table 1. The optimization is done according to
the actual building features. The values were chosen from the available range of settings to
achieve the ARCHITECTURE 2030 goal as it supports carbon neutrality. So, to be sustainable
development, our energy consumption value should be lower to support the carbon-neutral
aim.

Table 1. Optimization Elements

. Optimized
Factors Settings .
Settings
Benchmark 267 kWh / m?/ yr 97 kWh / m?/ yr
Orientation 45° 45°
Window to Wall Ratio (WWR)
South 16%
North 14%
95% to 0%
West 29%
East 20%
Window Shades
South
North . . . .
1/6 to 2/3 Win Height 1/2 Win Height
West
East
Wall Construction Uninsulated to R13 + R10 Metal BIM
Roof Construction Uninsulated to BIM BIM
Infiltration 2.0ACHt0 0.17 ACH 0.285 ACH
Lighting Efficiency 20.45 W/m?*to 3.23 W/m*® 7.53 W/m?
None - Daylighting & Occupanc Occupanc
Daylighting & Occupancy Controls YIgntng pancy pancy
Controls Controls
Plug Load Efficiency 29.99 W/m?to 6.46 W/m? 6.46 W/m?
Operating Schedule 24/7 to 12/5 12/6
PV - Panel Efficiency 16% to 20.4% 18.60%
PV - Pay Back Limit 10 yr to 30 yr 30 yr
PV - Surface Coverage 0% to 90% 60%

Actual Window to wall ratio was chosen for each side of the building according to
the design features i.e., 16% for the south, 14% for the north, 29% for the west, and 20% for
the east. Among the available setting, 1/2 Win Height setting was applied for window
shades. Wall and roof construction were according to building specifications which were
convention block walls insulated by plaster and reinforced cement concrete slab for the roof
as BIM settings. Infiltration rate according to actual openings of the building was applied.
Lighting and Plug load efficiency were 7.53 and 6.46 W/m? respectively. The operating
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schedule was chosen as conventional six days a week and 12 hours a day. Panel efficiency
was nearly about 20% with a payback period of 30 years and surface coverage of 60%.

Benchmark Comparison
kWh /m?/ yr

1004 290
110

Figure 5. Energy Optimization

Fig. 5 illustrates the energy utilization decrease with the optimization factors. A
critical analysis observed HVAC, lighting efficiency and window shades were responsible for
major energy consumption among these sixteen factors. Other key factors are window to
wall ratio, window shades, plug load efficiency and operating schedule. Window to wall
ratio of Eastern wall and window shades are collectively reducing the 30 kWh/mz/yr.

In actual model analysis, the energy consumption does not meet the ARCHITECTURE
2030 benchmark. However, after incorporating the optimized options, it reduced and
settled down to the green zone. The green color indicated that the optimized energy of 97
kWh/mZ/yr has now satisfied the criteria of a carbon-neutral building. An overall annual
energy saving of 170 kWh/mZ/yr has lowered the value below the 110 milestones. In other
words, adopting the optimizations measures, mentioned in table 1, in the actual field can
help to support objectives of ARCHITECTURE 2030 i.e., a carbon-neutral environment. The
study expects that adopting proactive approaches at design inception and decision-making
stages can help to achieve a sustainable future in terms of energy usage.

3. Conclusion
The scope was limited to a case study of a multistorey building and only an operational
phase was undertaken in this research work. The virtual model of the selected case study
was developed in BIM and transformed into an energy model using Insight. The study aimed
to achieve optimization in the energy consumption patterns thus supporting the
ARCHITECTURE 2030 challenge. The following conclusions have been made :
e More than 60% reduction in overall utilization can be achieved using this framework
in the early stage of design during the life cycle of a building project.
e By incorporation certain innovative attributes, the average annual energy
consumption was optimized as 97 kWh/m?/yr, a value less than the Architecture
2030 challenge to go green for sustainability
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e The optimal energy consumption design will help to improve the development of
sustainable buildings in terms of energy consumption.
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