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Good morning. Welcome back to this last lecture on Energy Efficiency in sustainable
buildings as part of this online ongoing course on Sustainable Architecture and I am your
instructor Dr. Avlokita Agrawal, Assistant Professor at Department of Architecture and
Planning, 11T Roorkee.

So, in the previous lecture we looked at the compliance approach for meeting up with
various criteria set for energy efficiency in buildings and most of these criteria we followed
from ECBC when we are talking about energy efficient buildings in Indian context. One
aspect of the compliance which was left was interior lighting power.
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Interior Lighting Power

* Prescriptive lighting requirements limit the installed electric wattage
for interior building lighting

Trade-offs of interior lighting power allowance among portions of the
building for which a different method of calculation has been used are
NOT permitted

+ Installed lighting power is calculated and compared using
the maximum permissible interior lighting power densities

¢ Spealied for various building tyy

So, continuing from the previous lecture we will quickly look at what are the compliance
criteria for meeting up with interior lighting power. So, whenever we are talking about the
interior lighting power we are talking about the prescriptive requirements for the installed
electric wattage for interior building lighting. Now, this implies that to achieve the desired
illuminance levels how much of the power electric power will be consumed and that is

what we call as if the lighting power density.



So, the LPD of an overall interior lighting system is calculated. When we are talking about

the compliance approach we have 2 types of compliance approach.
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One we have for different spaces within a building. So, we call it a space function method.
Now, in this space function method we have different functions assigned to the spaces. For
example, an enclosed office area, an open plan office area or some conference or multi
purpose hall or a classroom or a lecture room, for the lobby of a hotel, for emergency in a
hospital for recovery and like that. So there is a long table and for each of these spaces for
each of these space and function lighting power density has been prescribed.

So, if you are looking at an open plan office and LPD which is 11.8 Watts per meter only
for meeting up with the interior lighting requirement is prescribed. So, whenever we are
talking about the offices the open plan area of the office will have to meet up with the LPD
given as this. Now, when we would. So, there are 2 compliance approaches; one is the
space function method and in this method all areas in a building specifically will have to

meet up with the lighting power density requirement as prescribed here for each area.

So, there is different LPD for the circulation in different LPD for the open plan office
different LPD for this enclosed office, for toilets, for the common areas and like that and
we have to meet up with them individually. So, this is quite rigid. So, in the space function

method for each space in the building the desired LPD will have to be achieved.
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When we do that so, suppose this is for a particular building. These are the different types
of areas which are there and the total area for each of these spaces and based upon the LPD
requirements which are taken from the ECBA we calculate the total lighting power
allowance which can be taken for each space and based upon this the lighting system will
have to be designed, the luminaries will have to be picked up. Now, here the LPD of each

space will have to be met individually.

However, if we calculate the if we know the total lighting power allowance for the building
we can also go to the building area method where instead of meeting up with the LPDs
individually while maintaining the given illuminance levels as per NBC, The total LPD of
the building which is also as per the function of the building the type of the building the
LPD can be met.

So, instead of meeting up with the individual spaces we can achieve the LPD as desired as
prescribed for the total building. So, within the interior lighting power there are these 2
approaches space function method and building area method. Now, when we are talking
about lighting power this was for interior lighting, artificial lighting. We also have

compliance approach for the exterior lighting power.
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Exactly, in the same manner as we have for interior lighting power we have the
prescriptions for the exterior lighting applications. For example, building entrance with
canopy, building entrance without canopy exit, building facade, driveways and parking
pedestrians and like that and then we have the power limits the LPDs. So, this is 10 Watt
per meter square of the canopied area. For driveways and parkings we have 1.6 Watts per
meter square which is which we can clearly see that it is much lesser than that of the

interior lighting power because more lighting is required.

And just as the compliance for interior lighting is shown we will show the compliance for
the exterior lighting. Based upon the total area of say the driveway or the parking and the
wattage the power consumed to light up the entire driveway up and parking and calculating
the LPD. So, again we have to meet up the LPD requirement the lighting power
requirement for each of the spaces in the exterior of the building to comply with the

exterior lighting power requirement as per ECBC.

So, when we are looking at this ECBC compliance as | had briefly explained in the
previous lecture there are 3 compliance approaches so, far we have seen the prescriptive

approach.
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Where each building system or component should have a specific performance value
which comes from directly from the prescriptive tables of ECBC. For this one it requires
very little energy expertise you do not need to perform simulations or much calculation
and all we have to do is select the right kind of material which meets up with the

prescriptive requirements of the ECBC and our job is done.

But often to meet up with the prescriptive requirements of ECBC we have to select the
high performance materials. So, for example if you want to have a fenestration which has
a u value of 0.3 and then shgc of 0.27 it would directly imply that we have to select a
double glazed window with a Low-e coating or with selective coating. Now, that will prove
to be a little costlier as compared to say a single clear glass building where we can provide

proper shading.

So, the second approach in the compliance as per ECBC was trade off method where we
can trade off the performance of one component of envelope with the other component of
the envelope. So, just as | was explaining here that in case we do not want to select a very
high efficiency material as in the case of fenestration as | was just talking about. Instead
of investing in the performance of fenestration | may improve the performance of the roof
if 1 know that there is more amount of heat which is going to be transferred through the

roof as compared to the fenestration based upon my design.



In certain other design it may be the other way around that the fenestrations become more
important and the roof is not as important. So, | decide this trade off based upon my design
and then using the equations the calculations which are given for the trade off we prove
that the performance the on low performance factor of the proposed building is better than

the that of the base case building.

The third approach is whole building performance approach where we will use the
simulation tools whole building simulation tools. So, that there are different tools which
are available one of such simulation tool we will learn at length in subsequent lectures in
the last 2 weeks of our course here. In this type of compliance approach whole building
performance approach we create a computer model, a simulation model of the proposed
building and then we input the properties of all the materials which are proposed all the on
loop systems HVAC systems, lighting systems, the electrical power systems, pumps

everything.

So, all the energy consuming components will be input in this whole building performance
method. And the overall performance factor for the proposed building will be calculated
and for compliance it will be shown that the proposed building performs at least equal or
better than that of the base case building. So, in this case it is not necessary that only the

performance of the envelope of the building is considered.

Here, all the energy components both passive as well as active components are collectively
taken into account and the overall performance of the building is proved to be better. So,
we will look at this whole buildings performance method in the last 2 weeks through the

details of assimilation tool how to use a simulation tool.
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So, this is to summarize the ECBC compliance process. We have looked at the different
applicable building systems envelope, HVAC, lighting, electrical power and service hot
water and pumping. So, we have minimum mandatory requirements for each one of these.
After complying after following these mandatory requirements we can choose any of the
compliance approaches we can go ahead with the prescriptive approach or for envelope

we can go for the trade of option.

In case of trade off the mandatory requirements and the prescriptive requirements for all
other components will be kept as the same. They will have to be met using the mandatory
and prescriptive approach only. The third one is this whole building performance approach
where all the components of building systems energy systems and buildings they can be

changed, but the overall performance of the building needs to be complied with.



(Refer Slide Time: 12:45)

Whole Building Energy Simulation

+  Predicting energy consumption using software
- Building shape, climate, heat loads, equipment efficiencies are taken into consideration

- Hourly calculation of energy consumption: Annual consumption s arrived
- Energy Savings of proposed building vs Base case (as specified by rating systems)

So, in the last 2 lectures we will be looking at the whole building energy simulation where
the tool takes into account the building shape and geometry climate, heat loads, equipment
efficiencies and it calculates the hourly energy consumption and based on that the annual
energy consumption is arrived at and then we compare the performance of the proposed

case versus the base case.

In addition to the energy efficient building the concept of reducing the demand of energy
in buildings the new concept and it is the concept which is quite relevant today. So, when
we were looking at the energy scenario of the world and we looked at how the future
scenario for energy is going to be. We saw that in order to contain to or contain the global
warming at the industrial levels of the global temperatures we will have to construct all

our new buildings as net 0 energy buildings. Now, what is a net 0 building?
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A net zero energy building is a building which has zero net energy consumption which
implies that whatever energy is going to be consumed in the building, the same amount of
renewable energy will have to be created on site. So, we do not take any energy from
outside the site and all of it is created on the site itself. Now there are multiple variations

within this net zero energy building.
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* /Net Zero Site Energy
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* Net Zero Energy Costs

* 'Net Zero Energy Emissions




So, we have a net zero site energy. We have a net zero source energy. We have a net zero
energy cost and we have net zero energy emissions. Let us quickly look at each of these

definitions. The first one is net zero site energy building.
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Net Zero Site Energy Building

A site ZEB produces at least as much
energy as it uses in a year, when
accounted for at the site.”

* Energy flows are accounted at the site  ®i
of the project. A building using 100
kWh of energy annually will be site
net zero energy if at least 100 kWh of
renewable energy is produced at the
site annually. Renewable energy
supply systems can be installed on
building rooftops, facades, parking
lots and other open areas in the site.

Now, here in this type of a building all the energy which is consumed in the building is

produced on site itself. So, this particular picture is in front of a natural biodegradable heart
in Sadhana forest which is part of the Oroville township. So, in this forest whatever they
consume in these buildings which are also organic they produce them on the site itself. So,
there is no transmission of energy from outside the site to the site and the site at the site

the building is net zero energy.
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Net Zero Source Energy Building

“A source ZEB produces at least as much energy as it
uses in year, when accounted for at the source.” -

+ Source or primary energy is the measure of net zero
status for source NZEBs, Primary energy is the energy |
used to generate and deliver secondary energy
(predominantly electricity in the case of India) to the
site.

Energy supplied to the source NZEB site and exported
from it gets multiplied by site-to-source conversion
factors which allows energy used for generation in
power plants and transmission to be factored.
Conversion factor for electricity in India, independent
of the location of building, is currently assumed to be
approximately three. A grid connected building with
annual energy demand of 100 kWh can be qualified as
a source NZEB if 300 kWh of renewable energy is
supplied on-site or off-site,

The next is net zero source energy building. So, when we talk about this a source zero

energy building, it produces at least as much energy as it uses inner year when accounted

for at the source. What it implies is that it will still remain grid connected.

It may draw energy from the grid at certain points of their time, but if we calculate it over
the energy use in an year it will produce the same amount of energy at the site, at the source
itself. So, it will still draw energy during certain periods and certain seasons while it will
be giving back to the grid at certain other seasons and times of the year and times of the

day. That is what net zero source energy building is.
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Net Zero Energy Cost Building

* “The amount of money the utility pays the
building owner for the energy the building
exports to the grid is at least equal to the
amount the owner pays the utility for the
energy services and energy used over the
year.”

* Cost of renewable energy exported from site
must match utility bills of energy imported to
the site. Essentially, a building is net zero cost
energy if it recovers expenses on utility bills
by selling electricity generated by renewable
sources.

+  Utility tariff structure is crucial to cost NZEBs.

A net zero energy cost building is a building where the net cost of the energy of the money

that the building owner pays to the utility for procuring the energy or vice versa is. Now,
that happens in a case when the building consumes or produces energy at other times of
the day which are off peak and supplies it back to the grid when it is the peak demand.

There by selling the energy generated on site at a higher tariff and drawing more amount
of energy which is supplied at a lower tariff. So, here we are not only looking at the total
amount of energy which is consumed and produced we are also looking at the tariffs of it
and so overall the energy cost of the building comes out to be net zero. So, we are mainly

concerned about the cost of the energy which is consumed in the building.
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+“A net-zero emissions building produces at least as
much emissions-free renewable energy as it uses
from emissions-producing energy sources”

+ Emissions of net zero energy emissions building are
counted for the source energy and not site energy.
To determine emissions output from a building,
energy used in the building is multiplied by an
emissions factor which weighs emissions resulting
from transportation and at-source generation.

+ Carbon, sulphur oxides and nitrogen oxides are
included in calculating emissions neutrality. Fuel
used for generating electricity supplied by the grid
determines the ease of achieving net zero emissions.

And the last one of these terminologies associated terminologies is a net zero energy

emission building. Now a net zero energy emission building produces at least as much
emissions free renewable energy as it uses from emissions producing energy sources. So,
for example, the building is situated in a place where it is dependent upon the energy which

is generated through the thermal power plant.

So, the amount of energy which it is consuming from the energy obtained from the grid
which is largely the energy generated through thermal power it produces the same amount
of energy using the renewable sources. So, this has to be equated and then it becomes a

net zero energy emission building.
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Approach for
Net Zero Energy Buildings

So, what is the approach for a net zero energy building. Now before | go into that for all
these various definitions the fundamental understanding for us for a net zero energy
building is that the amount of energy which is consumed in the building an equal amount
is produced somewhere either on the site itself or off the site or somewhere. So, that the

overall balance of the energy consumed and produced remains equal.

So, when we are talking about this net zero building and the approach for it we will first
have to look at the different components energy consuming components in a building. So,
we have HVAC.



(Refer Slide Time: 19:19)

Net Zero Energy Building

Miscellaneous

Hot water

:’_ Equipment/
Appliances

@ Lighting

Energy met trhough Renewable sources

@ HVAC
T

We have lighting load. We have equipments and appliances. We have hot water

requirement and we have nice miscellaneous energy consumption. So, this is what
comprises the total of this entire energy consumption in a building. For a building to be
net zero we have to produce the same amount of energy using renewable energy sources.
Once this total energy demand is equal to the amount of energy generated using renewable

sources that is when the building qualifies to be called as a net zero energy building.
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However, it does not mean that we continue to increase our demand and also continue to
increase the amount of energy which is generated using renewables. Because renewable
energy is also coming at a cost. It consumed natural resources, it is consuming huge
amount of metal and glass and a lot of transportation is required installation is required.
So, the intent should be to reduce the energy demand first and how do we do that we have
seen it enough. First of all using the passive energy conservation measures which are

integrated in their design.
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So, we talked about the building envelope, fenestration, shading devices, the passive
heating and cooling techniques, material choice etcetera. So, all of this we have seen in
our discussions so far. So, we reduce the amount of energy which is consumed we reduce

the energy demand.
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Next, we employ the active energy conservation measures that is by using efficient lighting

efficient appliances and we reduced our energy demand further. As we go on reducing our
energy demand the amount of energy the equivalent amount of renewable energy which
needs to be produced also keeps going down.

So, once we have reduced the energy demand substantially a small amount of renewable
energy will need to be produced and the overall concept and proposition of net zero energy
becomes much more feasible. So, it is a 2 step process. First of all reduce the energy
demand and whatever that reduced energy demand is we substituted using the renewable

energy.
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This concept of net zero energy is picking momentum across the world and also in India.

I

So, Bureau of Energy Efficiency launched the net zero energy buildings portal NZEB
portal which is live and a lot of information is available on NZEB portal and a lot of
information on how to achieve this net zero energy status using what are the different

passive design strategies, what are the different active strategies.

So, all of that is a properly summarized and integrated on this NZEB portal you can go to
Bureau of Energy Efficiency and NZEB portal to look for more information on regarding
this. So, there are some buildings in our country which have a net zero energy status. | am
picking up some of the case studies relevant case studies more you can find out on net. So,
the first case study is the living laboratory accept university it is in Ahmedabad and it is
an office and an educational building. It is a new construction building it was constructed

new and Ahmedabad is actually a hot dry climate.

The total area is approximately 500 square meter and it has a grid connectivity it is not off
grid. So, the first thing that they did was to reduce the EPI Energy Performance Index of
the building and they brought it as low as 58 kilo Watt hour per meter square per year. So,
if you remember the numbers when we were talking about the standard buildings in India
and we saw that air conditioned building have an EPI of as high as 250 kilo Watt hour per

meter square per year that was the average.



This is a substantially low number. This is a very low EPI the moment we have a low EPI
it implies that the amount of renewable energy which needs to be generated on site is also
less. And after reducing the EPI the demand energy demand they have generated the
renewable energy with 50 percent of the roof which is covered with solar photovoltaics
and the generation is equivalent to 70 kilo Watt hour per meter square per year effectively

compensating for all the energy demand in this building.
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So, the approach was first of all the first step was passive design strategies incorporation
of that. So, they talked about the orientation of the building which we have seen as north
south being the most appropriate and the best orientation, incorporating daylight strategies,
adding vision windows, adding clear stories and light shelfs on south to bring in diffused
light along with the occupant control so, that there is no requirement for artificial lighting
during the day. Using these passive design strategies first level of energy demand reduction
has been achieved.



(Refer Slide Time: 25:21)

Case Studies A Living Laboratory, CEPT University

Active Strategies
. HVAC Technol

+ Lighting Design
= DaykgMautonomy 7

- DaygMingandvaco
Office equipment cont

hs with underground
w -
- | N b
e ot over 90% of spaces ¥ :’\ “
sor controlof ights 4.7 Wim
th occupanty sensor control N1 _~

The second was thinking about the active strategies. So, first one was HVAC where instead
of just air conditioning the entire building throughout the year mixed mode ventilation
worked out where during the comfortable seasons when the outdoor temperatures and the
environment is quite comfortable the mixed mode ventilation was implemented

incorporated.

In addition to that radiant cooling floor and ceiling panels were used added a variable
refrigerant flow device was used for dedicated outdoor air conditioning system which also
had a very high COP and in it was inbuilt with the carbon dioxide sensors and controls
high efficiency air cooled chillers was used and passive cooling in non summer months
with underground tank and evaporate evaporative a fluid cooler were used. All of these
together reduced the amount of energy which was required to create indoor environmental

thermal comfort.

And the light the energy requirement was substantially reduced for the HVAC. The same
was done for daylight for lighting design where first of all most of the spaces were able to
achieve daylight autonomy for 75 percent of the time over 90 percent of the spaces which
is practically making the requirement for artificial lighting to be close to 0 and then in
addition to that occupancy sensor control of lights was also installed and overall the

demand for energy through the active strategies was further reduced.
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* Renewable Energy

- 50% roof covered with 27
kW PV panels tilted at 23°
facing south for on-site
generation equivalent to
70kWh/m?/yr.

Once this passive and active strategies were incorporated into the building and the EPI was
reduced to 58 kilo Watt hour per meter square per year renewable energy was further added
where the 50 percent of roof was covered with these photovoltaic panels and they were
able to generate the equivalent amount of energy which was consumed in the building

thereby making this entire building as a net zero energy building.
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Next case study that we have here is Akshay Urja Bhawan at Panchkula. This is a public
building an office building. Again Panchkula is classified to be a hot dry climate. So, the
next building that we have is Akshay Urja Bhawan at Panchkula. This is an office building
again a new construction and the overall area for the project is around 5,000 square meter.

It is again a grid connected and here if you look at this EPI number it is really impressive
it is it has been reduced to 30 kilo Watt hour per meter square per year in this building that
is very low and the rest of the energy the this energy was supplied using the renewable
energy systems which was generated using the building integrated photovoltaics.
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Passive Strategies:

+ Orientation: Well oriented site and building along cardinal directions,
Glazing coordinated to take advantage of building orientation

* Daylighting  South glazing provided with horizontal shades. Almgst
no east an N Reasonable north glazing with vertital -
\z‘;”\r‘s;)dwm(optnngs easonable north glazing with vertital ///////////////////////

*  The courtyard is covered with angled louvers that maximize winter
sun on the south face of the north wing and shade the atrium in the
summer while allowing diffused daylight in

*/ Ventilation: The south face has solar chimneys to aid ventilation S
some of the non air conditioned spaces {which are mist cooled)

* " Building Envelope :
= Cavity walls with PUF insulation
= Double glazed windows
+ Construction Materials and Techniques:
= Aerated concrete blocks
Insulated rool ties
= Thermotechroof tiles

So, how they have done. The first step as we have always discussed is the passive strategies
they have considered orienting the building properly, day lighting allowing for day lighting
in most of the areas. So, the south blazing was provided with horizontal shades and there
were almost no east and west openings and there were reasonable amount of north glazing

with vertical shading provided.

Doing this almost the all the areas indoors they were they had sufficient amount of daylight
available. And the courtyard the building has courtyard which is covered with angle which
can maximize the winter sun on the south for south face while reducing the diffused
daylight during summers. Another passive design strategy was that of ventilation where
the south face was added with solar chimneys to aid the ventilation in some of the non air

conditioned space.

So, this entire building was not air conditioned which was the most impactful strategy in
reducing the EPI of the building. In addition to that the construction of the building and
the components of the building envelope. So, it had cavity walls with insulation and also
double glazed windows and aerated concrete blocks were used for walls insulated roof
tiles and thermo tech roof tiles were used. Incorporating all these passive design strategies

the energy demand in this building for thermal comfort was reduced in went.
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Active Strategies
+ Ventilation and cooling
= Spaces divided into zones as per desired temperature set

points. Apex offices (25 £ 1 °C), controlled office and
public areas (25 ¢ 3 "C) and passive zones (25 ¢ 5 *C)

= Thermal comfort conditions in apex zones are always
maintained through mechanical air conditioning,

= Controlledzones are cooled in summer and chilled in
monsoon. Passive zones are cooled in summer and
ventilated in monsoon.

= Amist system is installed in the central atrium for cooling
of controlled and passive tones

= Chilled water supplied at a higher temperature of 15°C
Renewable Energy
Building Integrated Photovoltaic(BIPV) System with
42.50 kW capacity to supply total annual energy
consumption

0

In active strategies they placed a lot of importance on ventilation and cooling. So, the entire

space was divided into 3 distinct zones. And the first strategy that they used was
maintaining proper set point temperatures as we have seen. So, at 25 degrees plus minus 1
degree in the apex offices and controlled offices and public areas were maintained at 25
plus 3 degree centigrade and passive zones were maintained at 25 plus minus 5 degree

centigrade.

And in different zones which is the apex offices, the controlled offices and the passive
zones they had different strategies. So, in pass in control zones they were cool in summer
and chill in monsoon, passive zones were cool in summer and ventilated in monsoons. In
the atrium a mist system was installed which was which would control with the cooling of
the control and passive zones and the chilled supply chilled waters was supplied at a much
higher temperature of 15 degrees while normally it is supplied at a temperature of around

8 degree centigrade.

Once these passive and active strategies were incorporated, the EPI which was brought
down substantially to 30 kilo Watt hour per meter square per year the rest of it was
generated using the BIPV which was installed on top of the roof in the atrium and it was
able to generate the same amount of energy which was consumed by the building thereby

making this building as a net zero energy building.
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Case Studies

Indira Paryavaran Bhawan, Mot .

Location Anmedabad

Grographical WNITE
coordinates
Occupancy Type — Office & Educational

Typalogy New Constrtion
Chmate Type Composte
Project Area 9565 m

Grid Connectivity  Geid connected
(] a4ty

Renewable Energy Integration 930 kW PV panels with &
total acea of 4650 for on-site generation, tited at 23*
facing S0uth 1o generate equivalent to KWV yr

o

Couple of more buildings are available as case studies and you can learn more about it
from the NZEB portal, but the approach for all the net zero energy buildings remains the
same. First of all we use the passive strategies to reduce the amount of heat gain into the
building and also to reduce the amount of energy consumed for artificial lighting and

heating and cooling.

And then we add on the active efficient active strategies to further reduce the amount of
energy which is required and lastly whatever reduced energy demand is it is offset by
installing renewable energy. So, Indira Paryavaran Bhawan which is in Delhi it is an office
building and it has a project area of around 10,000 square meter. Here also the EPI has
been substantially reduced and the entire roof of this building is covered with huge rooftop
PV and it generates an equivalent amount of energy which it consumes. Another building

which is an eco commercial building of a Baers material science.
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Case Studies

o Commerclal Bullding (ECB) Bayer Materlal Science

)

Locabon Greater Noda, Uttar Pradesh
Geographical WNITE

coordinates

Typology New Construction

Chimate Type Composte

Project Ares 891 m

Grid Connectivity Grid connected

& 1.5

Renewable Energy Technolo

from rook-top PV plant. 57 k LT

MWh/AT, Excess energy fed to other buikhngs at site

It is in Greater Noida. It has an API of around 72 kilo Watt hour per meter square per year,
but with the help of the photovoltaic rooftop photovoltaic which is installed on it is roof it
generates these equivalent amount of energy and much higher amount of energy than what
it consumes. So, it general and this excess energy it gives back to the other is it gives to

the other buildings on site.

So, it is not just a net zero energy, but it is an energy positive building where it generates
more amount of energy than it consumes. So, there are a couple of other case studies which
you can see on the NZEB portal and with this we conclude the discussion on a Energy
Efficiency in Sustainable Buildings and we also conclude the lectures of this week. From
next week onwards we will start discussion on another head related to sustainable
buildings and towards the end of this course we will be learning a software for whole

building energy simulation.

So, thank you very much for being with us this week. See you next week with a new series

of lectures till then bye bye.

Thank you.



