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Introduction

Sustainable clean energy is the key factor in the economic, environmental, and social
growth. It is the core factor of a sustainable urban environment. Governments have
therefore to take the initiative to develop and implement sustainable building policies
and regulations to support the achievement of the United Nation Sustainable
Development Goals (UNSDGs) [1]. These initiatives must be performed by those
Governments in order to preserve natural resources and clean environmental strategy
in their countries. This is to be achieved by constructing a framework of the vision
to provide a sustainable built environment and a modern infrastructure for future
sustainable energy-efficient buildings. The policies are to support the preparation of
sustainable building legislation to transform conventional buildings’ infrastructure
to sustainable and environmentally healthy buildings and it will pave the way and
encourage all buildings’ developers to use in their practice in applying sustainability
criteria, through the rationalization of water use and electricity consumption as well
as reducing waste quantities and by monitoring air quality. Cities converting their
buildings to sustainable buildings will become a coordinated center for advancing
sustainable building by increasing general awareness, raising the bar for what is
required, helping to engage the stakeholders to deliver high-performance energy-
efficient buildings, and rewarding high performers. It will support integrating the
sustainable energy-efficient building programs with what is happening in the
neighboring communities. The policies define sustainable building vision for the
Emirate and provide specific recommendations for improvements, resulting in a path
toward a dynamic and coordinated active sustainable building plan. It is essential to
have a sustainable source of energy for the selected building in order to consider that
building to be sustainable. Energy demand for the residential building includes
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energy consumption for hot water, cooling, lighting, and other essential appliances.
Natural gas has been used for urban buildings heating and electricity dependence is in
increasing demand for the rest of the power need. Solar and wind technology has been
proved efficient when integrated into the buildings [2, 3]. This paper is to present the
main benefits and possible combinations for these renewable energy sources use for
each building to support its conversion from a conventional building to sustainable
[4]. In order to enhance buildings characteristics toward sustainability, key innovation
issues are to be added for intelligent buildings include sustainability (energy, water,
waste, and pollution), need to be considered [5]. This is to include the implementation
of information and communication technology, robotics, embedded sensor technol-
ogy, smart-materials technology including nanotechnology, health in the workplace,
and social change. Technologies of smart buildings will provide large benefits in
terms of more efficient energy use, on-site energy demand integration and generation
with the grid. These automated green buildings represent a significant opportunity
for energy efficiency and mass-scale renewable generation, as well as automated
demand-response (DR) systems. Green buildings with smart integrated control
systems result in a green-energy ecosystem [6].

Green-Sustainable Buildings

Green buildings encountered a way to build a comfortable lifestyle with beneficial
developments for human and environmental health. In order to achieve sustainabil-
ity for those buildings, green building practices methods to supplement healthier
and more efficient materials and strategies throughout the construction process.
EPA (Environmental Protection Agency) defined the green building as:

“Green building is the practice of creating structures and using processes that are
environmentally responsible and resource-efficient throughout a building’s life-cycle
from siting to design, construction, operation, maintenance, renovation and decon-
struction. This practice expands and complements the classical building design
concerns of economy, utility, durability, and comfort. Green building is also known as
a sustainable or high-performance building” [7]. Approaching the building sustain-
ability will create economic stability generating an increased economic growth and
contributes in different ways the unemployment.

Sustainable Building Objectives and Strategies

Three main objectives and strategies are to be initiated when working toward
sustainable buildings. They are as follows [8, 9]:

¢ Resource conservation

— Energy conservation
— Material conservation
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— Water conservation
— Land conservation

* Cost efficiency

— Initial cost (purchase cost)
— Cost in use
— Recovery cost

* Design for human adaptation

— Protecting human health and comfort
— Protecting physical resources

Resource Conservation Strategies and Methods
for Implementation

* Energy conservation

— Choice of materials and construction methods.

— Insulating building envelope.

— Design for energy-efficient deconstruction and recycling.
— Design for low energy intensive transportation.

— Developing energy-efficient technological process.

— Use of passive energy design.

¢ Material conservation

— Design for waste.

— Specify durable material.

— Specify natural and local material.
— Design for pollution prevention.

— Specify nontoxic material.

¢ Water conservation

— Using water efficient plumbing fixtures.
— Design for dual plumbing.

— Collecting rainwater.

— Employ recirculating systems.

— Designing low-demand landscaping.

— Pressure reduction.

¢ Land conservation

— Adaptive reuse of existing building.
— Locate construction project close to existing infrastructure.
— Development of nonarable lands for construction.
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Sustainable Building-Integrated Wind and Solar Systems

Sustainable energy performances of green buildings design have respective impacts
on sustainable developments. This requires identifying and developing efficient
energy solutions associated with green buildings for addressing future energy
demands. It has been highlighted that the sustainable energy performances associ-
ated with integrated technologies and renewable energy systems are still intertwined
with significant challenges related to the fundamental parameters of cost, mainte-
nance, and operation. Previous studies put forward a theory representing that the
performance of green buildings is substantially related to the level of their environ-
mental assessment [10].

Renewable energy sources including solar, winds, and waves, play a substan-
tial role for sustainable developments [11]. Green buildings (including low energy,
ultra-low energy, and zero-energy buildings) are associated with a reduction of
the energy demand by implementing renewable energy sources. Wind and solar
energy resources have always been a key factor toward the development of green
buildings. In conclusion, buildings become an energy (thermal and/or electric)
production unit for local needs. They can even contribute to global electricity
production.

Building-Integrated Solar Photovoltaics Systems (BIPV)

Photovoltaics system is a stylish means of producing electricity on site, directly
from the sun, without concern for energy supply or environmental harm. Distributed
applications for implementing solar systems on and around buildings have recently
drawn great interest for architects for integration. A building-integrated photovolta-
ics (BIPV) system consists of integrating photovoltaics modules into the building
envelope. The following BIPV system is recognized whether integrated into the
facade or in the roof [12].

* Facade or roof systems added after built (low powered up to 10 kW).

e Facade-integrated photovoltaic along with an object (several transparent module
types such as crystalline and micro-perforated amorphous transparent modules.
Part of natural light is transferred into the building through the modules), see
Fig. 30.1.

* Roof-integrated photovoltaic along with an object (the roof is covered with trans-
parent photovoltaic modules. Usually only if the building is small. It is possible to
use tiles, which integrate solar cells), see Fig. 30.2.

e Shadow-voltaic PV system (shading) (photovoltaic modules serve as Venetian
blinds).

e Solar glazing (low-iron tempered glass is usually used. Simple glass/glass
laminate or as complex isolation glass/glass laminate), see Fig. 30.3.



Fig. 30.1 BIPV system
powering Manchester
College of Arts and
Technology’s library
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Fig. 30.4 The Francis Crick Institute in central London [16]

The main benefits are [14]:

e Simultaneously serving as building envelope material and power generator,
* Provide savings in materials and electricity costs.

* Reduce the use of fossil fuels and emission of ozone-depleting gases.

* Add architectural interest to the building.

Figure 30.4 shows BIPV system at the Manchester College of Arts and
Technology’s library at Harpurhey at sunset. It is a green building incorporating
passive ventilation [15]. The system consists of 482, 80 W polycrystalline panels on
the south facade and a further 178, 165 W panels on the roof.

Inspirational Examples for BIPVs

The BIPV systems are getting widely of interests with many available examples.
One of which is the PV louver array is taking shape on the top of the Frances Crick
Institute, next to St. Pancras Station in London, Fig. 30.4. The system is expected to
generate around 204,200 kWh/year from a renewable energy source [16].

St. Pancras is Kings Cross Station, which has PV integrated into overhead
glazing high up in one of the barrel-shaped halls. This new building-integrated PV
is expected to produce 175,000 kWh of electricity each year, saving over 100 tonnes
of CO, emissions per annum, see Fig. 30.5 [17, 18].

Blackfriars rail station secures half its power from 4400 roof-mounted solar panels,
expected to generate 900,000 kWh of electricity every year and to cut the stations’
carbon emissions by an estimated 511 tonnes a year, further reducing the carbon
footprint of its train routes to the southeast of England, see Fig. 30.6 [19, 20].
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Fig. 30.7 Ziekenhuis (hospital) in Aalst, Belgium

Another example is the Ziekenhuis (hospital) Fig. 30.7, in Aalst, Belgium, an
eye-shaped atrium is formed from sloping curtain walling system with glass-glass
BIPV laminates forming the entire cladding. Cells are spaced further apart to create
the desired light transmission [21]. The solar system is 46 kWp, generating
31,000 kWh/year (675 kWh/kWp).

Building-Integrated Wind Technology System

Another promising system that could enhance the energy efficiency and building
sustainability transferring it from green aspects is the building-integrated wind tur-
bine (BIWT) systems in addition to the BIPV system. This has been increasingly
common as a green building icon to reach the self-powered building. The system
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has not achieved its optimum design criteria due to the absence of a framework for
efficient integration. The main drivers for using this system are [22]:

* Meet targets of green building designers.

e Promote sustainability in the built environment.

e  Minimum transmission/distribution losses.

» Accessing greater wind velocities at higher altitudes of 40% increase.

* Replace the existing buildings by self-sufficient energy buildings.

e Satisfy up to 20% of the building’s energy needs.

* Ecological power generation in the future of the sustainable building.

e Can play a crucial role in unexpected situations delivering lacking energy.

* New wind turbines are developed quiet, no vibration and high-power output.

* Provide visible evidence to a building owner’s commitment to the environment
and increase the energy rating for the building performance.

*  Wind will complement solar PV-integrated systems and can sustain the energy
supply for a sustainable building and could together reach more than 40% of the
building demand.

In this respect, it is believed that the proper stages for an efficient framework
for the BIWT can be introduced as (see Fig. 30.8) [23]:

1. Determining site suitability
2. Determining suitable integration methods

Efficient — Integration Systematic
Framework

Determining
Site Suitability
Regulations — Site variables — Site variables
and surrounding - -
obstacles’ height Avallable height for —[ Available height for HAWTs ;
Annual average Intepraticn methads —l Annual average and maximum wind speed
wind speed o ( z TR, T 7 ]
Wind gleection orpe — Distance from electricity grid
| Integration —[ Noise requirements i
methods variables _[ Birds activities ~
Dimensions & 3 =
shape conditions —[ Shadow flicker requirements )
Abi“t\/ to | Integration
i Methods Variables
accelerate wind -
l—{ Select a Suitable WT for each method
Ability to combine -
froretianafe ‘— WTs Variables

integration method

I—{ Select Priority & Dimensions

Fig. 30.8 Systematic framework for the efficient integration of WTs into buildings [23]
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Fig. 30.9 Main methods of wind turbines integrated into buildings [23]

3. Determining suitable wind turbines
4. Comparing energy production with consumption

Main methods of wind turbines integrated into buildings vary depending on
nature of the building design features, location, and the prevailing wind direction.
Figure 30.9 shows different methods suggested by [23].

The improved system has also been introduced by [24], which consists of an
assemblage of many unit modules filling an empty building skin area except for
windows. It consists of a guide vane and a rotor as shown in Fig. 30.10, which flow
around the building skin and are very complicated. The empty space behind the
guide vanes plays the role as a passage for the wind passing through the rotor and
creates a pressure difference between the back and forth of the guide vanes [25]
around itself due to its form and arrangement with neighboring structures. This
system was tested and verified experimentally and proved to be an efficient technique
to be implemented.

Inspirational Examples for BIWTs

The first type of BIWTs is the building mounted wind turbine with horizontal axis
rotor type as shown in Fig. 30.11 [26].

Another type is the building mounted wind turbine with vertical axis rotor type.
Examples are shown in Fig. 30.12 [26].

Another example of the building-integrated vertical axis wind turbine is
Honeywell Orion Campus—India (Fig. 30.13) [27]. The integrated system consists
of 18 vertical axis wind turbines with total generated power of 137,304 kWh/year
and 55 kW PV array with a total generated power 68,680 kWh/year.

The third type of BIWT is building-integrated wind turbine with a horizontal
axis wind turbine. The practical example is the Strata SEI residential tower in
London (Fig. 30.14) at (57 kW), which was designed by the BFLS and completed
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Fig. 30.10 Schematic diagram of the proposed system [24]

Fig. 30.11 Building mounted wind turbine with horizontal axis rotor [26]
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Fig. 30.14 The Strata SEI residential tower in London [28]

in 2010. It consists of three turbines (19 kW each) in its crown at 148 m off the
ground. It is expected that it can produce up to 50 MWh/year, enough to power (8%
of total consumption) [28].

Another type is the building-integrated wind turbine with vertical axis wind
turbine shown in Fig. 30.15. The figure shows the public utility commission in HQ,
San Francisco. Rooftop solar panels were integrated and building-integrated wind
turbines. It has achieved LEED Platinum certification. The systems provide 7% of
the building’s entire energy use [29].
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Fig. 30.16 Building augmented wind turbine, horizontal axis (World Trade Center, Bahrain) [26]

The other type of BIWT is building-augmented wind turbine with horizontal
axis rotor type. An example of this is the Bahrain World Trade Center (Fig. 30.16).
The system consists of three horizontal axis wind turbines generates 225 kW

each, totaling to 675 kW of wind power capacity equivalent to 15% of the total
consumption [26].

Conclusion

Efforts have been put forward in order to help achieve the main goals for the United
Nations for the sustainable development. It is believed that 70% of primary domes-
tic energy usage being committed to buildings leads to energy and environmental
challenges. Then the need for energy-efficient buildings is a prime aim. In order to
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approach building energy sustainability, sustainable energy resources are essential
to be considered. Sustainable building objectives and strategies were discussed with
the key successful design parameters. Types of building-integrated solar systems
were discussed with practical examples. The main drivers for building-integrated
wind technology were explained and systematic framework for the efficient integra-
tion of WTs into buildings was introduced with the main design methods. It is
recommended that in order to achieve sustainable development goals in regards to
the building sectors, building-integrated solar and wind technologies must be
considered to support transforming the green building to buildings with energy self-
sufficient buildings, which will have a great impact on the environment, economic,
and social health and well-being.

References

1. Nations, U. (2019, April 23). Sustainable development goals. Retrieved from Sustainable
Development Goals https://sustainabledevelopment.un.org/?menu=1300

2. Tripanagnostopoulos, Y. (2014). New designs of building integrated solar energy systems.
Energy Procedia, 57, 2186-2194. https://doi.org/10.1016/j.egypro.2014.10.185.

3. Bobrova, D. (2015). Building-integrated wind turbines in the aspect of architectural shaping.
Procedia Engineering, 117, 404-410.

4. Stathopoulos, T., Alrawashdeh, H., Al-Quraan, A., Blocken, B., Dilimulati, A., Paraschivoiu,
M., et al. (2018). Urban wind energy: some views on potential and challenges. Journal of Wind
Engineering and Industrial Aerodynamics, 179, 146—157.

5. Clements-Croome, D. (2011). Sustainable intelligent buildings for people: A review. Intelligent
Buildings International, 3, 67-86.

6. Tagliaferre, L. (2019, May 7). Smart green buildings. Retrieved from Buildings Smarter
Facility Management https://www.buildings.com/article-details/articleid/6801/title/
smart-green-buildings/viewall/true

7. Management, M. U. (2019, May 6). Sustainable, green buildings. Retrieved from MUM.Edu
https://www.mum.edu/sustainable-green-buildings

8. Darwish, A. S. (2017). Green, smart, sustainable building aspects and innovations. In A. Sayigh
(Ed.), Mediterranean green buildings & renewable energy. Cham: Springer.

9. Akadiri, P. O., Chinyio, E. A., & Olomolaiye, P. O. (2012). Design of a sustainable building: A
conceptual framework for implementing sustainability in the building sector. Buildings, 2(2),
126-152.

10. Ghaffarian Hoseini, A., et al. (2013). Sustainable energy performances of green buildings:
A review of current theories, implementations and challenges. Renewable and Sustainable
Energy Reviews, 25, 1-17.

11. Kothari, R., Tyagi, V. V., & Pathak, A. (2010). Waste-to-energy: A way from renewable
energy sources to sustainable development. Renewable and Sustainable Energy Reviews, 14,
3164-3170.

12. PVresources. (2019, May 17). Building integrated photovoltaic systems. Retrieved from
PVresources http://www.pvresources.com/en/bipv/bipv.php

13. Solar, O. (2019, May 17). XXL-Format Glass Installed in Australia. Retrieved from
onyxgreenbuilding.wordpress: https://onyxgreenbuilding.wordpress.com/2017/05/22/
xxl-format-glass-installed-in-australia/

14. Strong, S. (2019, April 15). Building Integrated Photovoltaics (BIPV). Retrieved from Whole
Building Design Guide https://www.wbdg.org/resources/building-integrated-photovoltaics-
bipv


https://sustainabledevelopment.un.org/?menu=1300
https://doi.org/10.1016/j.egypro.2014.10.185
https://www.buildings.com/article-details/articleid/6801/title/smart-green-buildings/viewall/true
https://www.buildings.com/article-details/articleid/6801/title/smart-green-buildings/viewall/true
https://www.mum.edu/sustainable-green-buildings
http://www.pvresources.com/en/bipv/bipv.php
https://onyxgreenbuilding.wordpress.com/2017/05/22/xxl-format-glass-installed-in-australia/
https://onyxgreenbuilding.wordpress.com/2017/05/22/xxl-format-glass-installed-in-australia/
https://www.wbdg.org/resources/building-integrated-photovoltaics-bipv
https://www.wbdg.org/resources/building-integrated-photovoltaics-bipv

446 A. S. Darwish

15. Cooper, A. (2019, April 14). Manchester College of Arts and Technology’s library at
Harpurhey at sunset. Retrieved from Alamy: https://www.alamy.com/stock-photo-manchester-
college-of-arts

16. Levolux. (2019, April 7). Getting on top at the crick. Retrieved from Levolux: https://www.
levolux.com/getting-on-top-at-the-crick/

17. Pester, S. (2019, April 11). Building-integrated solar technology—it’s coming! Retrieved from
BRE: https://www.bre.co.uk/page.jsp?id=3414

18. Romag. (2019, May 17). Kings cross station. Retrieved from Romag: https://www.romag.
co.uk/projects/kings-cross-station/

19. NetworkRail. (2019, 2017). Consulting. Retrieved from Network Rail Consulting: https://
www.networkrailconsulting.com/our-capabilities/our-projects/new-blackfriars-station/

20. BusinessGreen. (2014, January 22). World’s largest solar-powered bridge opens in London.
Retrieved from The Gusrdian: https://www.theguardian.com/environment/2014/jan/22/
worlds-largest-solar-powered-bridge-opens-in-london

21. Solarblogger, T. (2019, May 17). BIPV. Retrieved from The Solarblogger: http://www.solar-
blogger.net/2018/05/bipv.html

22. Darwish, A. S. (2019). Sustainable buildings integrated with wind turbines: Matching the wind
potential in UAE. In Ajman fourth seminar on climate change and sustainable development,
12—14 March 2019, University of Ajman, UAE.

23. ELMokadem, A. A., Megahed, N. A., & Noaman, D. S. (2016). Systematic framework for the
efficient integration of wind technologies into buildings. Frontiers of Architectural Research,
5(1), 1-14.

24. Park, J., Jung, H. J., Lee, S. W., & Park, J. (2015). A new building-integrated wind turbine
system utilizing the building. Energies, 8, 11846-11870.

25. Grant, A., Johnstone, C., & Kelly, N. (2008). Urban wind energy conversion: The potential of
ducted turbines. Renewable Energy, 33, 1157-1163.

26. Haase, M., & Lofstrom, E. (2015). Building augmented wind turbines—BAWT: Integrated
solutions and technologies of small wind turbines. SINTEF akademisk forlag. 2015. SINTEF
Fag (34).

27. ECOSUSTAINABLE. (2010). Honeywell orion campus renewable energy study & development
proposal. Eco-sustainable Living Technologies Pvt. Ltd. (ELT).

28. NBMCW. (2010, December). Strata SE1-First Residential Building with Wind Turbines.
Retrieved from NBM Media and CW: https://www.nbmcw.com/report/project-site-
reports/20080-strata-se 1 first-residential-building-with-wind-turbines.html

29. Meinhold, B. (2019, March 15). San Francisco Public Utilities Commission Headquarters
Boasts Solar Panels and Built-in Wind Turbines. Retrieved from Inhabitat: https://inhabitat.
com/san-francisco-public-utilities-commission-headquarters-sets-the-bar-for-sustainability/


https://www.alamy.com/stock-photo-manchester-college-of-arts
https://www.alamy.com/stock-photo-manchester-college-of-arts
https://www.levolux.com/getting-on-top-at-the-crick/
https://www.levolux.com/getting-on-top-at-the-crick/
https://www.bre.co.uk/page.jsp?id=3414
https://www.romag.co.uk/projects/kings-cross-station/
https://www.romag.co.uk/projects/kings-cross-station/
https://www.networkrailconsulting.com/our-capabilities/our-projects/new-blackfriars-station/
https://www.networkrailconsulting.com/our-capabilities/our-projects/new-blackfriars-station/
https://www.theguardian.com/environment/2014/jan/22/worlds-largest-solar-powered-bridge-opens-in-london
https://www.theguardian.com/environment/2014/jan/22/worlds-largest-solar-powered-bridge-opens-in-london
http://www.solarblogger.net/2018/05/bipv.html
http://www.solarblogger.net/2018/05/bipv.html
https://www.nbmcw.com/report/project-site-reports/20080-strata-se1first-residential-building-with-wind-turbines.html
https://www.nbmcw.com/report/project-site-reports/20080-strata-se1first-residential-building-with-wind-turbines.html
https://inhabitat.com/san-francisco-public-utilities-commission-headquarters-sets-the-bar-for-sustainability/
https://inhabitat.com/san-francisco-public-utilities-commission-headquarters-sets-the-bar-for-sustainability/

	Chapter 30: Green Buildings to Approach Sustainable Buildings by Integrating Wind and Solar Systems with Smart Technologies
	Introduction
	Green-Sustainable Buildings
	Sustainable Building Objectives and Strategies
	Resource Conservation Strategies and Methods for Implementation
	Sustainable Building-Integrated Wind and Solar Systems
	Building-Integrated Solar Photovoltaics Systems (BIPV)
	Inspirational Examples for BIPVs

	Building-Integrated Wind Technology System
	Inspirational Examples for BIWTs


	Conclusion
	References


