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Building performance analysis of a dairy factory in South Iraq:
appraisal of a local bio-based envelope
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Abstract. Buildings have a relevant impact on the environment, and building materials cause
environmental impacts during all life cycle stages: production, utilization, management and
demolition. The global request for more efficient buildings with less environmental impacts has
grown during the last years. Among various technologies, thermal insulation has proven to be
helpful in reducing emissions by increasing energy conservation. This paper intends to show how
the Building Performance Analysis (BPA) supports the decision-making process in many areas
where common insulation materials are not available and there is a general reluctance to use local
natural materials. A building located in the city of Al Chubaish in Dhi Qar Province in Iraq is
examined as a case study. The construction is designed for processing buffalo milk. It was built
in the first decade of the century, during the Iraqi conflict, using only the materials available at
that time, most of which, concrete bricks, mortar and plaster. Currently, this dairy factory is a
very inefficient structure in terms of energy saving. But because its elementary form, it is a perfect
example to investigate how a simple exterior wall insulation can improve building performance
in extreme environmental conditions. Accordingly, two different models have been created. One
is the replica of the real building without any upgrading. The second instead presents a thermal
insulation realized with reed bio-based material locally available. Through advanced simulation
engines and building performance analysis data integrated into Autodesk Revit, each model has
been tested to identify significant improvements in terms of energy savings in this particular
stressed background.

Key words: Building performance analysis (BPA), reeds, bio-based, thermal insulation, Iraqi
Marshlands.

INTRODUCTION
As the standard of living increases in many areas of the world, so does the need for
air conditioning. At present time, the amount of electricity to keep buildings cool in US

is the same that Africa use for everything. However, China and India and Middle East
are growing fast.
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Within 30 years, world population will use more energy for cooling than heating.
Energy demand for residential air conditioning in summer is projected to increase more
than 30-fold: from nearly 300 terawatt-hours (TWh) in 2000 to about 4,000 TWh in 2050
and more than 10,000 TWh in 2100, stated Pachauri et al. (2014) of the Intergovernmental
Panel on Climate Change, with a fast increase in tropical and subtropical areas.

Therefore, sustainability is becoming a key factor in the decision-making process
of infrastructure projects throughout their lifecycles. In particular, the Environmental
Impact Assessment (EIA) is becoming a matter of significant importance, for both public
and private sectors, given the long-term impacts of design decisions on the
environmental performance of infrastructure projects (van Eldik et al., 2020).

Building Information Modelling (BIM) is a powerful methodology in automating
processes due to the parameterization capabilities of BIM objects and the ability to obtain
measurements, quantities and costs directly from the BIM model (Maia et al., 2015).

Since BIM allows for multi-disciplinary information to be superimposed within one
model, it creates an opportunity to conduct these analyses accurately and efficiently as
compared to the traditional methods (Azhar et al., 2011). In addition to driving a more
efficient overall design process, BIM is powerful for sustainable design because it can
help to achieve the Building Performance Analysis (BPA), even if there are still critical
issues to overcome about standardization (Patacas et al., 2020) and full interoperability
between BIM and energy simulation tools has not yet been achieved (Bracht et al., 2021).

The appropriate selection of materials and systems to reduce environmental impact,
minimize harmful emissions and prevent the depletion of non-renewable resources is
one way of alleviating the impact of building construction or retrofitting. The
construction industry and the community in general will benefit from an integrated tool
that will help optimize the process (Barnes & Castro-Lacouture, 2009), since several
types of information are necessary to manage a facility or to perform retrofit measures
in buildings (Becerik-Gerber et al., 2012; Volk et al., 2014), as well as maintenance
history since completion (Nicolle & Cruz, 2011). Echenagucia et al. (2015) performed a
multi-objective search to minimise the building total energy need for different climates
and urban contexts.

By doing an investigation of the insulation capacity of reed bio-based material to
retrofit a building in the South of Iraq, the aim of the research is to make evident that
BPA is a powerful tool in decision-making process because it generates simple values
for real building in real locations which can be used even in challenging environment
countries.

MATERIALS AND METHODS

The construction (Fig. 1) is located in the town of Al Chubaish in Dhi Qar Province
in Iraq. The area is categorised as hot desert (BWh) by Koppen e Geiger classification
with an average annual rainfall of 101 mm. The summer temperatures are very high, in
August the average daily temperature is 34.3 °C. For 7 months of the year, the average
maximum temperature is above 30 °C, and for 5 of these above 40 °C. In July 22, 2016,
Iraq achieved the record temperature of 53.8 °C in the city of Basra, around 100 km
southeast from the location involved in the study. Nevertheless, the wintertime could be
cold. In January, the average temperature is 11.7 °C, with minimum temperatures of
5.9 °C. Often in this month, premises are heated, using electricity as the main source.
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The building is 14 m wide, 14 m
long, 5 m height with a total area of
196 m% It is made of load-bearing
pillars in reinforced concrete, infill
walls in concrete blocks and rough
finishing plaster. In the south side there
are two horizontal windows 1.60 m
large and 0.80 m high and one door
0.80m large and 2.10m high
(Table 1). In the west side there are
three 1.40 m square windows. In the

Figure 1. Dairy factory building, south-west side.

north side there is one track door 3.00 m large and 2.50 m high and one door 0.80 m
large and 2.10 high. In the east side is one 1.40 m square window and one track door
3.00 m large and 2.50 m high. The roof is 14.00 m large and 14.00 m long for a total

196.00 m? of surface.

Table 1. Physical properties of the fixtures in the building

. . Heat transfer Thermal  Thermal
dimension Total area . .
Nr. Ih. m 2 coefficient resistance mass
’ W(m?K) (m’K)W'  KkJK!
Horizontal windows 2 1.60:0.80 2.56 3.6886 0.2711
Square windows 4 1.40-1.40 3.92 3.6886 0.2711
Track doors 2 0.802.10 3.36 0.37021 0.2701
Doors 2 3.00-2.50 15.00 0.37021 0.2701
Roof 1 14.00-14.00  196.00 17.433 0.0574 8.42

It was intended to be a small dairy factory but it never work. In 2021 must be put
back into operation, but the structure needs interventions, among which there is the
possibility to add an envelope. The owner is a public body that must evaluate the
restructuring and operating costs of the factory, so it need a BPA to support its decision

making process.
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Figure 2. 3D model of the building in Revit.
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Models in 3D (Fig. 2) of the edifice were recreated in Revit Autodesk 2021, which
is a commercial CAD and Building Information Modeling (BIM) software capable with
tools to plan and track various stages in the building’s lifecycle, from concept to
construction and later maintenance and/or demolition. Among these tools, there is
Insight, a Building Performance Analysis (BPA) software that only operates by remote
when Revit is connected to internet external database. Insight process the information of
the model together with the climate data available in weather station closest to the
building and the costs of energy in the region.

Figure 3. Traditional use of reeds in the Iraqi Marshlands.

For the goal of the research, two models were designed. They shared the
entire supporting structure, fixtures and orientation (Fig. 3). The first was identical to the
original building with infill walls

made of concrete blocks 28 cm thick Table 2. Physical properties of the materials used
and 1cm of plaster on each side in the models
(Tables 2 and 3). The second had an Thermal Specific Density
additional envelope of insulation Material Conductibility Heat | = 5
. . . . -1 oC)
material, which consistedin a 10 cm W (mK) J(g
Plaster 0.72 0.84 1,860

panel made by reeds, typical of the
area but used for different purpose
(jabasha 4ils). Reeds from the
Marshland region consist of several

Block 1.30 0.84 1,800
Fibers Insulated 0.24 1.80 580

Table 3. Physical properties of the walls in the

types of plants whose stems differ in models
thickness, flexibility and chemical

L Thermal  Thermal .
composition. The most popular reed Wall Resistance Mass Trans;mtt?nce
used in the construction of Mudhif ~ Structure opryor qpger WMy
(Fig. 3) are ‘Ihdri’, the regional  wall 02223  40.06  4.4978
name of this very tall type of reed No insulated
(Almusaed & Almssad, 2015). Wall 0.6459 50.48 1.5481

Using the Revit database insulated
as reference, the final transmittance
turned out to be 4.50 W (m?K)™! for the wall not insulated and 1.55 W (m?*K)"! for the
wall insulated.

After completing the two models, the simulation was launched using Insight for
BPA online processing (Fig. 4) performing an analysis of the whole buildings taking into
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consideration orientation, external and internal walls, windows, doors, roof and their
thermal properties (Fig. 5). The parameters for the test were fixed equal for both the
models. Even though it was incorrectly classified under the Baghdad database, closest
weather station was found in Al Chubaish town using right coordinates. Price of
electricity in Iraq has been set as USD 0.05 (IQD 60.000), the rate for commercial use
at December 27", 2020. The main output of the simulation was the total annual costs of
electricity per m? to keep the two buildings at an inside stable temperature of 15 °C, 24
hours a day 7 days a week, taking into account all the HVACR (Heating, Ventilation,
Air Conditioning and Refrigeration) needed.
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Figure 4. Orientation of the building before BPA.

Building Form

A
Figure 5. BPA of the model in Insight.
RESULTS AND DISCUSSION

The BPA simulation in Insight returned the two values of the USD m™ per year of
electricity to maintain the right temperature inside the two different models. The
construction with the envelope entail an average costs of 22.20 USD m™ per year
compared to the 29.90 USD m™ per year of the traditional construction, around 25% of
difference (7.70 USD m per year), for a total 1,509.20 USD in terms of potential yearly
savings. After having seen this monetary value, the public owner of the building
immediately made the decision to proceed with the isolation. This approach based on
simple cost indexes involves people more and helps them helps to make decisions
(Ascione et al., 2015).
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Figure 6. Left: HVAC propositions, Right: Roof Construction.

As results of the test, in addition to the synthetic parameter of the possible energy
savings other values were generated by the BPA including specific analysis of individual
components of the structure and some suggestions to increase energy savings. In
particular (Fig. 6), a high efficiency air conditioning system was proposed to obtain
further consumption savings even greater than 5%. In term of roof construction (Fig. 6),
simulation confirmed that the 10 cm of natural based material generates good effects not
only compared with the non-isolated roof but also with materials with high R-value
(building industry term for thermal resistance ‘per unit area’) confirming the ability of
the reed bio-based material to compensate for the lack of other insulating materials
(Asdrubali et al., 2016).
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Figure 7. Left: Building Orientation, Right: WWR Southern Walls.
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Albeit with very little difference, the test also confirmed that orientation of the dairy
factory was well decided in the first place (Fig. 7). Same validation for the Window Wall
Ratio (WWR) of the existing building, the percentage of windows and their distribution
around the build were well planned. Mistakes in the Easter and Western Walls Ratio
would have greatly compromised the building's efficiency (Fig. 8).
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Figure 8. Left: WWR Western Walls, Right: WWR Eastern Walls.
CONCLUSIONS

The purpose of this case study was to demonstrate how the simplicity of the BPA
results can help the process of decision making. The USD m™ per year is a synthetic
index well understandable by many. This specific experience pointed out how even a
small intervention with local material can generate important savings. Thermal
insulation with natural local material has proven to be a good solution to improve energy
conservation even in countries where the energy cost are very low.

The additional suggestions of the BPA and the specific exploration of each
components of the building are also potentially useful both for engineer designer and
decision makers.
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