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ABSTRACT

Globally, the development of wastewater treatment systems evolved in order to treat
wastewater so as to mitigate and reduce the public health issues as well as environmental
impacts resulting from the discharge of untreated wastewater. To achieve this objective,
treatment of wastewater is carried out with different technologies, some centralized and other
decentralized. With further development in the wastewater management sector, sustainability
of the wastewater treatment system with minimum environmental degradation became a
global concern because all human individuals either living today or in future, have equal
rights. Therefore, based on the sustainable development approach of wastewater treatment
systems, various methods have been practiced to analyse and compare the wastewater
treatment systems looking from the environmental, economic, technical and social point of
view. Life Cycle Assessment (LCA) is one of them and has been successfully practiced
globally, in order to analyse the environmental burdens and the potential impacts associated
with a Wastewater Treatment (WWT) system. LCA is the compilation and evaluation of the
inputs, outputs and the potential environmental impacts of a product or system throughout its
life cycle i.e. the stage from “cradle-to-grave” (ISO 144040:2006(en)). It has become a
successful tool in identifying opportunities to improve the environmental performance hence

playing an integral role in decision making towards sustainability.

This study is focused on identifying and analysing the environmental burdens from three
different decentralized WWT systems that are in operation in Norway using LCA. Kaja grey
water treatment system is based on source separation technique which treats only the grey
water generated by 48 persons, Hoyas farm WWT system treats domestic wastewater only
from a household of 8 persons and Vidardsen WWT system that treats domestic wastewater
from from 200 peoples along with wastes from a dairy, a bakery, a laundry, an animal
husbandry, a food-processing workshop and a herb-garden. The boundary of the LCA study
is limited only up to construction and operation phases and the functional unit considered was
wastewater generated per person equivalent over duration of 20 years. CML2 baseline 2000
(Centre for Environmental Science, University of Leiden, The Netherlands) of SimaPro 7
software, has been used in analysing the environmental impacts limited to Acidification
Potential (AP), Eutrophication Potential (EP), Ozone Layer Depletion Potential (ODP) and
Global Warming Potential (GWP).
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For Heoyas farm WWT system, AP (99.6% of the total value) is resulted during the
construction phase. The main factor contributing to the impact is the production process of
filter media “Filtralite-P” (41%) and pre-fabricated fibre glass components (31.3%).
Likewise, ODP (98.9% of the total value) is also generated during the construction phase and
the key resulting factor to the impact is the production process of filter media “Filtralite-P”
(62.6%). Similarly, EP (96.55% of the total value) is resulted during the operation phase.
Total-N (89.4%) and Total-P (7.2%) are the main elements contributing to the impact. GWP
is resulted in both phases, 57.64% in operation phase and 42.24% in construction phase.
Methane emission is the major greenhouse gas contributing 60.12% followed by carbon

dioxide emission contributing 21.5% to GWP (Annex 8).

For Kaja grey water treatment system, AP (99.9% of the total value) and ODP (99.63% of
the total value) is contributed during the construction phase. The main factor contributing to
both of the impacts is the production process of filter media “Filtralite-P”” (78.9 % of total AP
and 89.9% of total ODP). Likewise, EP (87.5% of the total value) is generated during the
operation phase. Total-N (74%) and Total-P (13%) are the main element resulting to the
impact. Similarly, GWP is generated in both phases, 55.38% in construction phase and
44.61% in operation phase. Methane emission is the major greenhouse gas contributing 45%
followed by carbon dioxide emission contributing 42.9% to the impact. In the construction
phase, GWP is caused by CO, emission during the production of Filtralite-P (37.6%) and
polystyrene foam (11.9%).

Similarly, for Vidardsen WWT system, AP (98.54% of the total value) and ODP (96.36% of
the total value) is generated during the construction phase. The main factor contributing to
both of the impact is the production process of filter media “Filtralite-P” (61.3 % of total AP
and 82.6% of total ODP). Likewise, EP (98.04% of the total value) is contributed during the
operation phase. Total-N (65.62%) and Total-P (32.3%) are the main elements in the effluent
causing the impact. Similarly, GWP (98.58%) originates during the operation phase.
Methane emission is almost 100% responsible for this impact and is contributed by the
emissions from septic tank, facultative pond and constructed wetlands during the operation

period.

From the results of environmental impacts of all the three systems, it is seen that AP and
ODP originate in the construction phase of every systems. The major factor contributing to

these impacts in all the three treatment systems is the production process of filter media
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“Filtralite-P” (expanded clay). Productions of pre-fabricated fibre glass components are also
responsible for these impacts. In all the three systems, EP is occuring during the operation
phase and Total-N is the main element responsible for the impact. Likewise, GWP in two of
the systems is mainly originated during operation phase but in one system it is originated in
both the construction and operation phase. Greenhouse gases contributing to GWP are
methane (CH4) emission from the treatment units during the operation stage and carbon
dioxide (CO,) emission during the production process of Filtralite-P in the construction

phase.

Comparative assessment of three systems show that Kaja grey water treatment system is the
system with best environmental performance. The system is based on source separation
technique occupying a very small area with a low number of treatment units (a septic tank, a
bio-filter unit and a horizontal flow constructed wetland) and treats grey water from 48
persons. The Kaja grey water treatment system contributes the least to EP and GWP among
the three systems. However, the environmental performance scenario could be different if the
system boundary is expanded to include the vaccum toilet system including the required
plumbing elements. Hoyas farm WWT system has the highest contribution to AP, EP and
ODP among the three systems. This could be one of the findings that it is more reliable and
environment friendly to treat wastewater from a group of houses or clusters rather than
building up a treatment system only for a single household as in case of Hoyds farm.
Similarly, Vidardsen WWT system has the highest contribution to GWP. This is resulted
because the scale of the system is higher than other systems so it has higher operational

greenhouse gas emissions.

The important finding from this study is, though Filtralite-P has been regarded as a high
quality filter media for phosphorus removal (AdAm, et al., 2007), its production process has
significant impacts in the environment regarding AP, GWP and ODP. According to (Roseth,
2000; Adam, et al., 2007) Filtramar (shell-sand) has higher phosphorus adsorption capacity
than Filtralite-P. So recommendation can be made to analyse the environmental impacts, with
Filtramar (shell-sand) used as an alternative filter media in on-site wastewater treatment

systems.

Environmental impacts associated with transport of sludge have minor contribution but still
there could be options for reducing the sludge disposal cost and the potential impacts

resulting during its transport. Like, in case of Vidardsen WWT system, where the sludge
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volume generated is high, sludge drying reed-beds can be constructed near to the site so that a

significant reduction in the sludge volume can be achieved.
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1.0. INTRODUCTION
1.1. Background

In the past century, scientists discovered that the main cause of outbreaks of diseases like
typhus, cholera, hookworm, trachoma and diarrhoea was due to direct contact of human
beings with their own excreta and spreading of pathogenic micro-organisms present in the
excreta (Wilderer, et al., 2000; Massoud, et al., 2009). To protect and control the human
population from getting infected, centralized sewer systems were developed. The domestic
wastewater, industrial wastewater and storm water runoff was connected to the central sewer
system and was transported away from the human settlements through the sewer network.
The sewer network ended up into the surface waters. Later, it was realized that this too could
create health hazards to the people who live down-stream of the discharge point and also to
the aquatic life. So the development of wastewater treatment technology became the main
option to improve the quality of surface water. The centralized wastewater collection and

treatment evolved to address the issue (Wilderer, et al., 2000).

Due to industrialization and increase in human population, people began to migrate from
rural areas to urban areas. With the increase in urban population density, the waste generation
also increased in the urban and city areas. The uncontrolled and untreated disposal of
domestic, municipal, industrial and agricultural wastes either in solid, liquid or gaseous forms
increased the level of pollution to land, water and air contributing to environmental
degradation. This became one of the serious threats to the sustainability of human civilization
(Jhansi, et al., 2013). In addition, water scarcity and its quality deterioration also became a
global concern issue for every developing society. So to preserve the public health, reduce the
environmental degradation and prevent the sources of clean water from getting contaminated,
it became essential to adopt effective wastewater management systems. This was possible
with adequate treatment of wastewater, safe disposal of treated wastewater, efficient use of
water resources and water reuse practices (Jhansi, et al., 2013). The environmental impacts
that results from the waste depends on the quantity and nature of waste generated and the
treatment process adopted for the waste management. Effective wastewater management
systems are still limited in most of the developing countries as compared to developed
countries (Jhansi, et al., 2013). In addition, it is a great challenge and necessity to manage the
huge amounts of sewage sludge produced from the wastewater treatment plants in an

economical and environmentally acceptable way and it has also become a matter of public



health concern (Jhansi, et al., 2013). Later, as an alternative, decentralized approaches of
wastewater treatment were developed which employs a combination of on-site and /or cluster
systems (Massoud, et al., 2009). Centralized wastewater treatment systems require a high
level of investments due to high cost of infrastructure construction, operation cost,
maintenance cost and highly skilled personal (Massoud, et al., 2009). So constructing a
centralized treatment system does not seem reliable for small and dispersed communities in
rural and semi-urban areas (Massoud, et al., 2009; Seidenstat, 2003). Decentralized
wastewater treatment systems become preferable to such areas because these systems operate
in small scale, are less expensive and easier to construct, easy to operate and maintain, the
treatment is carried out in the close vicinity of the origin and this facilitates reuse of
wastewater (Massoud, et al., 2009; Jhansi, et al., 2013). This paper focus on identification of
the environmental impacts resulting from three different decentralized wastewater treatment
systems that are in operation in Norway, using a Life Cycle Assessment (LCA) tool. LCA
addresses the environmental aspects and the potential environmental impacts throughout a
product’s life-cycle from the stage of raw material production, during its use and operation
and includes potential-recycling and reuse as well as the final waste disposal i.e. follows the

system and its components from “cradle-to-grave” (ISO 14044:2006(en)).

1.2. Objectives of the study

The aim of the study is to assess the environmental performance of the decentralized

wastewater treatment systems in cold climate. The specific objective of the study are:

* To perform inventory analysis of material use, resource consumption and theenvironmental
releases from the decentralized small scale wastewater treatment systems in cold climates,

specifically in Norway.
* To identify the environmental hot spots of the systems investigated.

* To perform improvement analysis aimed to improve the environmental-performance of the

systems evaluated.



2.0. LITERATURE REVIEW

In this chapter, introduction on wastewater treatment, methods practiced on treatment of
wastewater, factors affecting the sustainability of wastewater treatment system and Life
Cycle Assessment (LCA) tool for analysing the environmental impacts of small-scale

decentralized wastewater treatment system are described briefly.
2.1. Water quality and scarcity:

Globally, billions of people are out of reach to safe water and adequate sanitation (Massoud
et al., 2009). Per capita availability of fresh water is decreasing rapidly in the entire world
where mostly the developing countries are facing the water scarcity problems (Kivaisi, 2001).
Due to increased pollution, the quality of available fresh water is also deteriorating.
According to the World Health Organization (WHO) and the Water Supply and Sanitation
Collaborative Council, about 82 percent of the rural populations of developing countries lack
access to sanitation facilities which finally lead to several waterborne diseases (Massoud, et
al., 2009). In developing countries, insufficient clean water and improper sanitation facilities
are the main cause of diseases and outbreaks (Jhansi, et al., 2013). As discussed earlier, the
reason behind this is due to direct contact of human beings to excreta and spreading of
pathogenic micro-organisms, untreated sewage, industrial wastes, organic matters, inorganic
chemicals, toxic substances and other disease-causing agents which are directly discharged
into the aquatic environment without any treatment. Furthermore, the groundwater and the
surface water sources are getting contaminated due to surface runoff and infiltration of
domestic wastewater, poorly constructed pit latrines and excess use of fertilizers in the

agriculture sector (Kivaisi, 2001).

The population growth forecasts that the global population will reach 9 billion in 2030 and it
indicates that most of the population growth will occur in the developing countries with a
strong migration from rural to urban areas (Jhansi, et al., 2013). It is a real fact that for every
developing country, the demand for water supply and sanitation becomes the first priority
then the wastewater treatment. Everyone prioritizes to fulfil their water supply and sanitation
needs first, than only they can think of solutions for wastewater treatment. This problem
becomes more crucial in dry and water-deficient areas. Henceforth, to reduce the problem of
fresh water scarcity saving, pollution control for water reserves, wastewater recycling and
reuse becomes an important practice to conserve the water resources especially in areas

which are facing water deficiency. In addition, use of an appropriate and affordable
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wastewater treatment technology that are simple to operate, more environment-friendly and

low investment cost could be a valuable measures for effective wastewater management.

According to the estimates of United Nations Food and Agriculture Organization, out of 7.3
billion people in the world, about 795 million people were suffering from chronic
undernourishment in 2014 — 2016 of which 780 million people are from developing countries
(FAO 2014; Hunger Notes, 2016). In the rural areas of many developing countries, access to
adequate food depends greatly on access to natural resources, including water because water
is the key source for food security (UN.org. 2014). Therefore, practices on saving of water
resources and recycling, reuse of available water becomes an important factor to be
considered in developing countries facing water scarcity which could somehow to some

extent solve the problem of hunger in the world.

Another most important aspect of treating the wastewater is, domestic wastewater contains
organic matter and the three main nutrients for plant production (i.e. nitrogen, phosphorous
and potassium) (Jenssen, et al., 2007). Among these three valuable nutrients, nitrogen
fertilizer consumes energy during production and phosphorous fertilizer is a limited mineral
resource (Jenssen, et al., 2007). According to Jenssen, et al., (2007), nutrients from domestic
wastewater and organic household waste, are almost sufficient in producing enough food for

the world population.

Henceforth, it becomes necessary to design and implement a sustainable wastewater
treatment system so as to reduce the human health problems and preserve the natural

environment.
2.2. Wastewater treatment

Wastewater is the water which is no longer suitable for its most recent uses. Generally,
contaminated water such as the water from kitchens, toilets, showers, industrial waste mixed
water, agricultural runoffs, storm water etc. can be called as wastewater. Wastewater is
harmful to human health and natural environment if it is consumed or used directly without
any treatment because it contains harmful agents such as pathogenic micro-organisms,
bacteria, virus, organic and inorganic matter, toxic substances, heavy metals, nutrients like
phosphorous and nitrogen, sulphur, chloride and gases like methane (CHs), carbon dioxide
(COy), nitrogen (N3), hydrogen sulphide (H>S) and ammonia (NH3) that can possibly cause

several waterborne diseases to humans and aquatic animals. In addition, an excess presence



of phosphorus and nitrogen in wastewater is the major cause of eutrophication and oxygen
depletion in natural water bodies if the wastewater is directly disposed to the natural water
bodies without any treatment (Tchobanoglous, et al., 1991). Wastewater can be treated and
recycled so that it can cause minimum health problems and can be reused or released to the
environment safely. Therefore, wastewater treatment is a process adopted to convert
wastewater into an effluent that can be safely returned back to the water cycle with minimum

environmental issues or can be re-used (En.wikipedia.org, 2016).

General parameters that are to be considered and measured in a treated wastewater are;
Total-P, Total-N, organic pollution, pathogenic micro-organisms, odour, colour, turbidity
and hardness. Organic pollution is measured by parameter COD (Chemical Oxygen
Demand), BOD (Biological Oxygen Demand) and SS (Suspended Solids). COD describes the
amount of oxygen required to oxidize all organic and inorganic matters present in the
wastewater sample (Scholzel, 1999). BOD describes the oxidizing process, biologically with
the help of bacteria. Usually, BOD is measured as BODs, which means the amount of oxygen
consumed over a five-day measurement period. Likewise, suspended solids describe the
quantity of organic or inorganic matters that is not dissolved in water (Scholzel, 1999). Total-
P is the total quantity of phosphorous content and Total-N is the total quantity of nitrogen
content in the water. All these parameters (i.e. COD, BOD, SS, Total-P and Total- N) are

measured in “mg/1” or “g/m>”.

2.3. Processes involved in wastewater treatment:

According to the function they perform and their complexity, processes involved in
wastewater treatment can be classified into four major groups (Scholzel, 1999), which are as

follows:
2.3.1. Preliminary treatment

This process involves with the removal of easily separable components like solid materials
and debris. Usually, this process is achieved by screening and grit removal and is performed
to increase the effectiveness of the later treatment processes and prevent damages in the later

treatment units (Scholzel, 1999). Bar screens are usually used for this process.



2.3.2. Primary treatment

This process involves with the removal of solid materials (i.e. organic solid matter, human
waste etc.). Sedimentation, Flotation and Filtration mechanisms as per the need, are involved
during the process. Sedimentation and flotation tanks are usually used in huge centralized
treatment plants whereas septic tanks are usually used in small-scale treatment systems
(En.wikipedia.org, 2016). The main mechanism that occurs is the solids and particles heavier
than water gets to settle down at the bottom of the tanks and are scrapped and pumped out in
the form of sludge from the bottom. Floating grease like soap scum, wood chips, feathers etc.
is removed by skimmers. After the sedimentation unit, the wastewater undergoes filtration
step where colloidal suspensions of fine solids are removed. Reduction of BOD up to 40%

can be achieved after the primary treatment process (Scholzel, 1999).
2.3.3. Secondary treatment

This process involves in a biological process where the dissolved and suspended organic
matters as well as nutrients nitrogen and phosphorus are removed (En.wikipedia.org, 2016).
Organic matters are converted to stable forms by bacteria during the biological process
(Scholzel, 1999). Secondary treatment involves with both the aerobic and anaerobic
processes. In a centralized wastewater treatment system, disinfection method is carried out in
order to kill the pathogenic bacteria and viruses. Examples of secondary treatment in
decentralized WWT systems are aerobic bio-filter, reed bed systems and stabilization ponds

(Scholzel, 1999).
2.3.4. Tertiary treatment

Tertiary treatment is the final treatment process which involves in a polishing process where
further purification of the treated effluent to desired levels is carried out. Specific pollutants
like nitrogen, phosphorus, specific industrial pollutants, viruses, parasites etc. are usually
removed during this process (Scholzel, 1999). Processes like membrane filtration, ozonation
are carried out in the centralized treatment system, likewise constructed wetlands are

practiced in small-scale treatment systems (En.wikipedia.org, 2016).
2.4. Aerobic and anaerobic processes

Biological treatment processes is an important and integral part of any wastewater treatment

system because wastewater contains organic and inorganic materials. The main phenomenon



involved in biological treatment is the use of bacteria and other microorganisms to remove
contaminants by assimilating them (Schultz, 2005). Aerobic and anaerobic processes are the
two main mechanisms that take place with the presence or absence of oxygen during
treatment in a biological treatment process of wastewater. Both the process are involved in
degradation of organic matter in the presence or absence of oxygen where the bacteria and
microorganisms assimilate the bio-degradable organic impurities thereby converting them
into by-products such as methane gas, carbon dioxide gas, water and excess biomass (sludge)

(Schultz, 2005).
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2.5. Sustainability of Wastewater management system

World Commission on Environment and Development (WCED, 1987) defines sustainable
development as, “development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs” (Balkema, et al.,
2002). This focuses on the concept that all human individuals living today or in future, have
equal rights (Balkema, et al., 2002). However, different generations may have to deal with
different problems, circumstances and cultures. Wastewater management is one of the key
function for the improvement in global health, sanitation and reduction in spreading of
diseases (Muga, et al., 2008). Hence, sustainability of wastewater management system
becomes an important factor to be considered. The sustainable technology should be based on

a long and global view. It should be compatible and adaptable to the natural, economic,



technical and social environment offering a possibility for further development (Balkema, et
al., 2002). Wastewater sewer networks and the treatment technologies (i.e. centralized and
decentralized treatment systems) were primarily designed for the protection of human health

and environmental degradation (Jhansi, et al., 2013). .

Studies show that, in the case of centralized treatment system, the mixing of different
wastewater streams containing pathogens and toxic compounds from industries and organic
matters and nutrients from household sewage, makes the treatment process more complex
and requires high level of resources like energy, money, space and expertise while still
leading to environmental burden through emissions (Balkema, et al., 2002). Though, the
centralized WWT system treats large quantity of wastewater to the desired quality safe for
discharge but it consumes high energy and chemicals during treatment process leading to
environmental pollution thus affecting the natural environment and ecosystem (Muga, et al.,
2008). However, the alternative system (i.e. decentralized treatment systems) as well has dis-
advantages though the degree of effects may be considerably less. So it becomes a global
concern to develop and select an appropriate wastewater treatment technology so that a
balanced environmental, economic and social sustainability is maintained for a given
condition (Muga, et al., 2008). Sustainability of wastewater technology could, therefore, be
viewed from three different prospective, namely economic, environmental and socio-cultural

which are often so-called the sustainability indicators (Balkema, et al., 2002).
2.5.1. Economic:

Economic sustainability in wastewater management sector focuses on meeting and satisfying
human needs through the optimum usage of scarce resources so that the investment made
does not exceed the benefits (Balkema, et al., 2002). The investment refers to the capital cost
and the operational costs including the energy costs, management costs, maintenance costs,
the cost of technical experts and the user costs. Therefore, the investment cost of a particular
treatment technology in wastewater management can determine the economic affordability to
a community. Various tools like cost-benefit analysis, life cycle costing, energy analysis and
total cost assessment are used to quantify the expected financial costs and benefits (Balkema,

et al., 2002). However, the social and environmental costs are difficult to quantify.



2.5.2. Environmental:

Environmental sustainability in wastewater management sector is principally based on the
fact that the functions of the environment should have the ability to sustain the human ways
of life (Balkema, et al., 2002). In order to preserve the environmental and ecological balance;
protection, efficient utilization of natural resources and taking up emissions should be
maintained with which a long-term development could be ensured (Balkema, et al., 2002).
The environmental issues in wastewater management include the energy consumption during
construction, operation and demolition phase of wastewater treatment systems and finally the
emissions from the treatment facilities either in the form of solid, liquid or gaseous states to
the surrounding air, water or soil. In addition, the pollution produced while generating
electricity for the treatment plant also have considerable contribution to the environmental

issues (Jenssen, et al., 2007).

Life Cycle Assessment (LCA) can be used as a tool to assess the environmental impacts and

sustainability of a wastewater treatment system (Emmerson, et al., 1995).

In the Life Cycle Assessment first, the goal and scope of the study are defined. Then based on
the mass and energy balances, life cycle inventory of environmental aspects are carried out.
Lastly, the environmental aspects are categorized in the environmental impact categories,
such as global warming, eutrophication, acidification, ozone depletion, human toxicity etc.
(Stranddorf, et al., 2005). So the scale of environmental impacts can provide a basis to the

decision makers whether to choose the technology or go for an alternative one.
2.5.3. Socio-cultural

The socio-cultural sustainability refers to the objective that the people’s social-cultural needs
are to be secured in an equitable way so that there is no any instability in people’s morality
and relationships (Balkema, et al., 2002). This can develop people’s interest and ownership to
organize their society (Balkema, et al., 2002). Acceptance and selection of a balanced set of
indicators using a holistic approach may differ from community to community depending on
the geography, culture and the population served (Muga, et al., 2008). According to the Inter-
American Development Bank, “Citizen participation, properly channeled, generates savings,
mobilizes financial and human resources, promotes equity and makes a decisive contribution
to the strengthening of society and the democratic system” (Jhansi, et al., 2013). So a proper

social analysis can lead to ensure the sustainability of WWT system.



Thus, selection of wastewater treatment technology should not be based only on the technical
scenario but rather it should also consider the surrounding socio-economic and environmental
factors. Therefore, a multi-disciplinary approach along with the coordination and cooperation
with socialists, economists, environmentalists, biologists, health officials and the public
should be performed while selecting an appropriate wastewater treatment system for a given

condition (Jenssen, et al., 2007).
2.6. Types of Wastewater treatment systems

The main objective of wastewater treatment system is to protect and promote the public and
environmental health as well as saving the aquatic life (Kivaisi, 2001). In order to break the
cycle of diseases, provide a clean environment and control in eutrophication of surface water
reserves; wastewater should be treated to eliminate the pollutants and harmful micro-
organisms before it is discharged to any form of receiving water bodies (Wendland, et al.,
2010; Kivaisi, 2001). In general, two major treatment processes are practiced in the sector of

wastewater treatment.

(1) Centralized wastewater treatment process and,

(i1) Small-scale decentralized wastewater treatment process.
2.6.1. Centralized wastewater treatment system

Centralized wastewater treatment system also called “end-of-pipe” technology, consists of a
sewer network that collects wastewater from households, industries, institutions and even
storm water runoff and transports it to a wastewater treatment plant (Tchobanoglous, et al.,
1991). The main objective of the centralized WWT system is to eliminate the pollutants,
pathogens, micro-organisms and other harmful impurities from the wastewater and recycle
the generated waste sludge into a form that can further be used as a soil fertilizer (Wilderer, et
al., 2000). The treated wastewater is then discharged to the nearby water bodies like river,
lake, sea or ocean. Therefore, these systems involve in advanced treatment processes that
collect, treat and discharge large quantities of wastewater (Massoud, et al., 2009). A huge
capital investment in construction of sewer networks and infrastructures, pumping costs,
water treatment costs, high energy consumption and highly trained operators are associated
with centralized WWT systems (Wilderer, et al., 2000). The main advantage of this system is
that these systems are reliable for the treatment of large quantities of wastewater collected

from densely populated areas such as municipalities, cities and are transported and treated

10



away from the human settlements (Massoud, et al., 2009). However, these systems may
sound unreliable for small and isolated settlements with low population densities, areas with

dispersed households and areas where water is scarce (Massoud, et al., 2009).

Wastewater treatment

«— facility

CENTRAUZED WASTEWATER SYSTEN

(source: Fxbrowne.com 2005)

Fig. 2.2: Representation of centralized wastewater collection and treatment system.
2.6.2. Decentralized wastewater treatment system

The decentralized approach focuses on the treatment of wastewater and reuse of the treated
water, nutrients, and by-products in the direct location of the settlements (Tchobanoglous, et
al., 1991). These systems are designed to operate at small scale, have minimal investment
cost and maximum flexibility to solve wastewater and other water-related problems. The
length of sewer network is comparatively short so they have less disruptive construction. The
collected wastewater is treated rather close to the origin so it is also called on-site and/or
cluster treatment system, where wastewater and the sludge treatment process are executed.
The final treated water could be discharged to a nearby surface water body or used either for
groundwater recharge, flushing toilets or for gardening purpose and the treated sludge could
be used for making compost and then can be used, on-site, as a fertilizer source (Wilderer, et
al., 2000). The treatment system require basic operation skills, consumes low energy, are less

resource intensive and more ecologically sustainable form of sanitation (Massoud, et al.,

11



2009). Hence, these systems are easy to construct, cheaper, environment-friendly, are more

flexible and can easily adapt to the local conditions (Jhansi, et al., 2013).

= a
&
&
LEGEND %
- WASTEWATER TREATMENT FACILITY
A DECENTRALIZED WASTEWATER SYSTEM

(source: Fxbrowne.com 2005).

Fig. 2.3: Representation of decentralized wastewater collection and treatment system.

Now it becomes a matter of discussions that whether centralized treatment systems are more
reliable and environmentally friendly as compared to small-scale decentralized treatment
systems in terms of resource requirements like energy, money, space, expertise as well as
emissions of gasses leading to environmental impacts like global warming, acidification,
ozone depletion etc. There are certain advantages and disadvantages of both the treatment
systems. Studies show that neither any of the two approaches can exclude the importance of

the other and vice versa (Libralato, et al., 2012).

There are some general statements from different authors based on the essential information’s
like; life-span of the system, financial costs, energy usage and reuse of water and by-products

etc. on both of the wastewater treatment systems presented below.
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Centralized WWT systems

De-centralized WWT

Source

systems
Capable of treating large | Collection and transport | (Massoud, et al.,
quantities of wastewater, but its | cost is minimal and rather | 2009; Libralato, et
sophisticated collection and | focuses on effective | al., 2012)
transport networks costs more | treatment and disposal of

than 60% of the total budget.

wastewater.

Less chances of water recycling,

reuse and nutrients recovery.

Permits the reuse of treated
WW e.g. watering of green

zones, flushing toilets etc.

(Libralato, et
2012; Wilderer, et
al., 2000; Ho, et al.,
2004).

al.,

Possible to cause disruptions to | Excludes these | (Libralato, et al.,
traffic and other public utilities | inconveniences since they | 2012).

during maintenance of collection | have shorter and smaller

or transport networks. pipe lines.

Requires more expensive | These systems allow options | (Massoud, et al.,

approaches of treatment because
the large volume of WW collected
is heavily diluted with domestic &
wastes

industrial along with

harmful toxic substances.

like separation of urine with
faeces, black water with
grey water so that effective
of

recovery valuable

resources 1s possible.

2009; Wilderer, et
al., 2000; Libralato,
et al.,, 2012; Ho, et
al., 2004).

Possibilities of disruptions in the
system in case of natural disasters
like earthquake, flooding’s etc.
resulting in heavy pollution in the

receiving water bodies.

The system consist small
units so they do not cause
inconvenience in a larger
scale if in case of such

natural disasters.

(Libralato, et
2012; Wilderer, et
al., 2000; Ho, et al.,
2004).

al.,

The system consumes high

quantity of electrical energy so it

could be unfavourable and
inadequate for poor and
developing countries facing

electrical deficiency.

The systems are based on
natural treatment
approaches so the energy

consumption is very less.

(Libralato, et
2012; Wilderer, et
al., 2000).

al.,
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The systems are unsuitable for | These systems are suitable | (Massoud, et al.,
isolated or scattered settlements & | and are a long-term solution | 2009; Libralato, et
require large area. for such settlements & can | al., 2012).

also accommodate in small

available space.

Failure in single unit can affect the | Failure in single unit do not | (Wilderer, et al.,
performance of whole treatment | cause the collapse of the | 2000).

system. whole system.

Environmental sustainability is | There is higher level of | (Libralato,, et al.,
questionable. assurance of environmental | 2012).

sustainability.

It’s assumed that building | (Wilderer, et al.,
and operating more numbers | 2000).

of such treatment systems
could be more expensive
than one large centralized
system serving the same

number of population.

In summary, centralized wastewater treatment technology could be the applicable option in
the context of urban densely populated areas with less available free space in developed
countries to treat the wastewater, despite the fact that these systems require high economic
costs and contribute to ecological and environmental burdens (Libralato, et al., 2012). On the
other hand, decentralized wastewater treatment systems are worldwide recognized and
accepted by the water professionals and the lawmakers as a sustainable solution in
wastewater treatment hence, have been more frequently taken into consideration during the

last decades (Libralato, et al., 2012; Haberl, et al., 1995).
2.7. Wastewater treatment in Norway:

Studies show that due to the effect of glaciation in the Norwegian topography, the Norwegian
landscape contains a large number of deep lakes (Killgvist, et al., 2002). It has been
accounted that, about 2500 lakes with a surface area exceeding 1 km? and around 208000

numbers additional smaller lakes with surface area in between (0.01 — 1) km?, exists within
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the country’s periphery (Killgvist, et al., 2002). Sewer systems were started to build up at
around 1900, which carried the wastewater directly into the rivers, lakes or fjords
(Environment.no. 2008). Before 1970, there were few wastewater treatment plants in
Norway, which provided the mechanical and biological treatment of waste water (Kallqvist,
et al., 2002; Environment.no 2008). Studies and research showed that eutrophication was the
major problem in many water bodies of Norway, particularly in lakes. The major cause of
eutrophication was due to phosphorus content that supported in the production of algae
(Kéllgvist, et al., 2002). This was due to the direct discharge of domestic wastes, nutrients,
organic matters, agricultural and industrial wastes to the lakes and coastal waters
(Environment.no 2008) Therefore, large-scale development in the Norwegian wastewater
treatment technology started around 1970 and was further strengthened in the late eighties
(Kéllgvist, et al., 2002). The treatment technology also included chemical treatment process
focussing on removing or reducing the phosphorus content for preventing excess algal growth
in fjords, lakes and rivers (Environment.no 2008). In Norway, around 80% of the population
are connected to the municipal wastewater treatment plants and remaining 20% have separate
treatment solutions (Kéllqvist, et al., 2002). Studies show that chemical treatment plants
cover 36 % of Norway’s hydraulic capacity whereas chemical and biological plants cover 28
%, mechanical plants cover 23%, biological plants cover 2%, other types account for 2% and
about 9% of all wastewater is discharged untreated (Environment.no 2008). Around 2500
municipal wastewater treatment plants have been built in Norway where the belonging
County Governors and the municipalities are the responsible authorities (Norskeutslipp.no

2016).

2.8. Small scale decentralized wastewater treatment systems in Norway:

Norway is not challenged with water deficiencies like many other countries but it has a robust
commitment of the necessity to preserve resources and protect the environment (Plumbing
Connection, 2016). For this purpose, small-scale decentralized wastewater treatment systems
are being practiced in recent decades all over the country. But stringent regulations in the
effluent concentration regarding phosphorous, nitrogen and organic matter content has been
set by municipalities and health authorities. Approximately, 17% of populations are served by
on-site wastewater treatment systems (< 50 Pe) in Norway and around 340000 such systems
are in operation (Al Nabelsi, et al., 2013; Paruch, et al., 2011). Natural treatment systems like
soil infiltration (Jenssen, et al., 1990), constructed wetlands (Jenssen, 2010), ponds (Browne,

et al., 2005), source separation (Jenssen, 2005) and combinations of these systems are the
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decentralized options practiced in Norway. The figure below shows the distribution of

different on-site wastewater treatment systems in Norway (Johannessen, 2012).

Small scale on-site wastewater treatment system in Norway

1% 6% m Direct discharge (4%)

m Black water holding tank
(6%)

u Septic tank (47%)

B Sand filter (8%)

m Soil infiltration (30%)

m Others (package treatment
plant, CW) (5%)

Fig. 2.4: Distribution of on-site wastewater treatment systems in Norway (Al

Nabelsi, et al., 2013; Johannessen, 2012).

As seen in the figure above, the commonly used are septic tank systems, soil infiltration
systems and sand filters systems. Septic tanks are designed for on-site treatment of domestic
sewage and are commonly used as a pre-treatment unit in constructed wetlands, soil
infiltration systems, sand filter systems, pond systems and biological filter systems (Al
Nabelsi, et al., 2013) so that the succeeding treatment processes can deliver efficient results.

Individual, removal efficiency of septic tank is shown in Table 2-1 below:

Table 2-1: Individual percentage removal efficiency of a septic tank (Al Nabelsi, et al., 2013;
Jenssen, et al., 2006).

Parameters Removal efficiency
Total - P (5-10)%

Total - N (5-10) %

Organic matter (BOD) (20-30) %
Suspended solids (30-60) %
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2.8.1. Constructed wetlands

Constructed wetlands were first practiced in Germany and later used in rural areas of other
different countries (Wendland, et al., 2010). Constructed wetlands are natural on-site
wastewater treatment systems where biological and physical treatment takes place when the
wastewater flows through a planted sealed base soil filter (Wendland, et al., 2010). After
many years of performance evaluations made by many researchers, this method has become a
successful practice for on-site wastewater treatment because it is cheap, simple to construct,
produce less sludge, easy to operate and efficient to maintain (Kivaisi, 2001; Haberl, et al.,
1995). Constructed wetlands could be classified in three different systems (Haberl, et al.,
1995):

(1) Free floating system
(1)  Rooted emergent system and

(i)  Sub-emergent system

Most of the European constructed wetland treatment systems are based on the rooted
emergent system which is further designed as surface flow system and sub-surface flow
system (Kivaisi, 2001). The bed of the wetland system is filled either with soil, sand, gravel
or light-weight aggregate (LWA) with the flow pattern either horizontal or vertical
(Wendland, et al., 2010). The functional phenomenon of constructed wetland system
includes physical processes (sedimentation and filtration), chemical processes (precipitation
and adsorption), biological processes (microbial interactions) and uptake by vegetation
(Kivaisi, 2001; Watson et al., 1989). The treatment performance depends on the
microbiological bacterial activity that takes place in the biofilm bed, physical-chemical and
plants physiological processes in the plant and ground system (Wendland, et al., 2010;
Bodenfilter.de, 2016). The cover plants in the constructed wetland enhance the micro-
organisms to accumulate in the roots of the plants thus acting as a layer for isolation during
cold seasons (Haberl, et al., 1995). Generally, the constructed wetlands undergo through a
pre-treatment step for sedimentation of solids and organic loads to avoid clogging by
introducing a septic tank followed by bio-filter unit or natural ponds prior to the wetland
(Wendland, et al., 2010). The solids and sludge collected in the septic tank are trucked out

away for further treatment.

In recent decades, constructed wetlands with pre-treatment facilities are gaining popularity in

Nordic climate conditions due to its high treatment performance (Jenssen, et al., 2010;
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Jenssen, et al., 2005). In Norway, the first subsurface flow constructed wetland was built in
1991 to treat the domestic wastewater (Jenssen, et al., 2005). Norwegian constructed
wetlands (CWs) are generally with horizontal subsurface flow (HSFCWs) regimes and the
majority of them are categorized as small (< 50 pe) on-site decentralized wastewater
treatment systems (Paruch, et al., 2016). According to Paruch, et al., (2016), the performance
of the HSFCWs over many years of operation under cold climatic conditions have shown a

high and stable treatment efficiency which is shown in Table 2-2 below:

Table 2-2: Percentage removal efficiency of constructed wetland (Paruch, et al., 2016;

Jenssen, et al., 2005).

Parameters Removal efficiency
Total - P >90%

Total - N > 40-60%

Organic matter >90% BOD
Microbes > 99% bacteria

In Norway, most of the CWs are built with a concept based on using septic tank and aerobic
vertical down-flow bio-filter as preceding treatment units before a subsurface horizontal-flow

constructed wetland (Krogstad, et al., 2007; Jenssen, et al., 2005).

Biofilters &

Pump/siphon

Septic tank

Pretreatment
/ biofilter

Level control &
sampling port Horizontal subsurface flow wetland
filter

Fig. 2.5: The latest generation of constructed wetlands for cold climate with

integrated aerobic bio-filter in Norway (source: Jenssen and Vrale., 2003).



The effluents from the septic tank are pre-treated in the aerobic bio-filter to remove BOD
and achieve nitrification during cold climates (Jenssen, et al., 2005; Paruch, et al., 2016;
Pandey, et al., 2013). The filter media used in the bio-filter as well as in the wetland is mainly
focused on removing phosphorus (P) from the wastewater and reuse the filter media saturated
with P as a fertilizer for agricultural purpose (Adam, et al., 2007). However, before the reuse
of the filter media as fertilizer, its quality with respect to pathogens and heavy metals should

be proven safe and acceptable for human and environmental health.

In Norway, different types of light-weight aggregates (LWA) and shell-sand are most
frequently used as filter materials in constructed wetlands (Adam, et al., 2007; Mahlum,
1998; Zhu, et al., 1997). Studies have shown that, commercial available LWA (Filtralite — P)
has P removal potential up to 12,000 mg P kg (Adam, et al., 2007; Jenssen and Krogstad,
2003) and shell-sand have the P sorption capacity ranging from 14,000 — 17,000 mg P kg™
(Adam, et al., 2007; Sevik, et al., 2005).

Fig. 2.6: Horizontal flow constructed wetland with pre-treatment (source:

Bodenfilter.de, 2016)

In horizontal flow constructed wetland, the wastewater flows from one side to the other side

of the wetland horizontally.
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Fig. 2.7: Vertical flow constructed wetland with pre-treatment (source: Bodenfilter.de,

2016).

In vertical flow constructed wetland, the wastewater flows and seeps from the top to the

bottom vertically.

Basic advantages and disadvantages of constructed wetlands (Wendland, et al., 2010).

Advantages Disadvantages
- Low cost. - More space required
- Less energy required. - Separate sludge handling
- Simple in operation and maintenance. needed periodically.

- Can adopt seasonal variations.

- No noise pollution.

- Removes pathogenic micro-organisms well.
- Produce less sludge.

- Have high buffering capacity.

2.8.2. Soil infiltration system

Soil infiltration systems are natural systems for wastewater treatment and require a large area

and are based on infiltration / percolation through the native soil.
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Fig. 2.8: Soil infiltration system (source: Mcengr.com 2016)

Soil infiltration system is considered as technically simple, low cost, less routine operation
and maintenance and an effective alternative system for treatment and disposal of wastewater
from small communities in rural areas and commercial establishments (Jenssen, et al., 1990).
The system consists of three basic components; pre-treatment, distribution and soil
infiltration units. The pre-treatment unit removes the suspended solids, oils, greases etc. so
that clogging of the system piping and soil pores gets prevented. Then the distribution system
transmits the pre-treated effluent to the soil surface in a prescribed manner. Finally, the soil
infiltration unit works for the treatment of wastewater via infiltration/percolation. The pre-
treated water is spread through horizontally laid pipes and infiltrates down through the soil
and ultimately reaches to the local ground water system. Soil infiltration systems can be

categorized into three types as below:
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(a) Surface infiltration, slow rate
of infiltration,

(b) Open system, rapid
infiltration and

Fig. 2.8.1: surface infiltration

\j] (c) Buried system, slow rate of
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Fig. 2.8.3: buried system, slow rate

Fig. 2.8.1, 2.8.2 and 2.8.3: Example design concept of soil infiltration system
(Jenssen, et al., 1990).

Before a soil infiltration system has been chosen, site suitability should be confirmed because

all soils are not suited for subsurface infiltration and treatment (Jenssen, et al., 1990).

Treatment efficiency of soil infiltration system is shown in Table 2-3 below (source:

Tchobanoglous, et al., 1991).

Table 2-3:

Percentage removal efficiency of soil infiltration system.
Parameters Removal efficiency
Total - P > 90%

Total - N >30% (20 - 60)%
Organic matter (BOD) >90%

Suspended solids >90%
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Bacteria 4 — 6 log reduction

2.8.3. Sand filtration system

In sand filters treatment system, the effluent from the septic tank is applied on top of the sand
filled trenches. The wastewater then infiltrates through the sand layer (usually 70 — 90 cm)
and gets collected at the bottom and by means of drainage pipe the treated water comes out as

effluent.

Water level monitoring

Sloping sides T~ = i

eotextile/insulation

Distribution layer

___Bottom drainage

Fig. 2.9 : Sand filter system (source: Jenssen, 1999)

2.9. Life Cycle Assessment (LCA)

The first international consensus on the definition of LCA came at the beginning of the
1990’s by the Society of Environmental Toxicology and Chemistry (SETAC), which defines
LCA as;

“An objective process to evaluate the environmental burdens associated with a product,
process or activity by identifying and quantifying energy and materials used and wastes
released to the environment, and to evaluate and implement opportunities to affect
environmental improvements. The assessment includes the entire life cycle of the product,

process or activity, encompassing extracting and processing raw materials; manufacturing,
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transportation and distribution; use; re-use, maintenance; recycling and final disposal’.
(Mufoz, et al., 2006; Fava, et al., 1993).

As defined in ISO 14040:2006(en), “LCA is the compilation and evaluation of the inputs,
outputs and the potential environmental impacts of a product or system throughout its life

cycle”.

Both the definition highlight that, LCA addresses the environmental aspects of a product or a
system, throughout its entire life cycle i.e. the stage from “cradle-to-grave” (ISO

14040:2006(en)).
According to ISO 144040:2006(en), LCA can assist in,

e Tracing out openings to improve the environmental performance.
e Providing information for decision makers during planning, priority setting and
design or re-design of product or process.

e Choosing relevant indicators of environmental performance.

In the Life Cycle Framework, there are mainly four different phases. First, the goal and scope
of the study are defined. Secondly, based on the mass and energy balances, life cycle
inventory of environmental aspects are traced out. Thirdly, impact assessment of the
environmental aspects are carried out and categorized in the environmental impact categories,
such as global warming, eutrophication, acidification, ozone layer depletion etc. (Balkema, et
al., 2002). Finally, interpretations among different options are made, like improvement
options or go for a new option. LCA is an iterative process, so results of the last phase (i.e.
interpretation) can lead to changes in the first phase (i.e. goal and scope definition) (Almanza,

2012).

2.9.1. Four phases of LCA framework:

Standards for LCA on environmental management is described in the ISO 14040 series. The
framework of LCA consists of four different stages and is described in the ISO 14040 — 43

standard series. This includes;
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e [SO 14041 : Goal and scope definition
e [SO 14041 : Inventory analysis

e [SO 14042 : Impact assessment

e [SO 14043 : Interpretation

(source: Grimstad.uia.no 2016).
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Fig. 2.10: LCA framework according to ISO 14040 series
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2.9.1.1. Goal and Scope definition

This is the first phase of LCA where key elements like objective, scope and the main
hypothesis of the study are defined. So the elements defined in the goal and scope will lay the
basis of rest of the study (Almanza, 2012).

During goal definition, the issues to be considered are:

the reason for carrying out the study.

the need of LCA to carry the study.

the primary target audience for the study.

goals, values and principles of the proposed application.

(source: Grimstad.uia.no 2016).

The scope of the study should consider and clearly define some items like:

the system and its boundary (conceptual, geographical and temporal) conditions

functional unit

prior limitations

initial data quality requirements

- comparisons between systems

impact models associated with the study.

The scope should be well defined so that it provides a clear picture of details to ensure that
the whole analysis is compatible with and sufficient to address the stated purpose. If the LCA
study is made for a comparative assertion, an analysis of material and energy flows should be

performed and included in the scope of the study (ISO 14040:1997(E)).
2.9.1.1.1. Boundary conditions:

The boundary conditions define the boundaries of a system that is being studied, therefore, an
upstream and downstream cut-offs are set (Lundin, et al., 2002). The unit processes or
activities that will be included within the LCA system under study should be identified and
explained clearly in this section (Negelah, 2008). Several factors including the proposed
application of the study, assumptions made, cut-off benchmarks, targeted audience and data
and cost limitations determine the system boundaries of the study being carried out (ISO
14040:1997(E)). The system boundary can be marked in a process flow-diagram which

consists of the unit processes included in the system and their inter-relationship. The
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assumptions, on which the cut-off limitations of inputs and outputs are made, should be

clearly defined in the boundary conditions.
2.9.1.1.2. Functional unit:

While defining the scope of the LCA study, the functions of the system or product must be
clearly stated. The functional unit is the quantified description of the system or product for
use as a reference unit in the inventory phase. It should be consistent with the goal and scope
of the study. So it is an arbitrary parameter of standardization used to describe the final
results (ISO 14040:1997(E)). The functional unit is used as a basis for calculation and for
comparison between different systems fulfilling the same function (Almanza, 2012), hence it

must be clearly defined and measurable.
2.9.1.1.3. Data quality requirements:

Data quality requirements specify the characteristics of the data needed for the study. It
should address the aspects like the sources of the data, its precision, representatives,
completeness, reliability, time-related coverage, geographical coverage and the technology

coverage (ISO 14040:1997(E)).
2.9.1.1.4. Comparison between systems

In comparative studies, systems are compared in various parameters like the functional unit,
system boundaries, data quality, rules on evaluating inputs and outputs and impact
assessment. Any differences noted on these aspects, between the systems, should be

identified and mentioned before interpreting the results. (ISO 14040:1997(E)).
2.9.1.2. Life Cycle Inventory (LCI) :

Inventory analysis is a technical process that involves the collection of necessary
qualitative/quantitative environment relevant data and relates them to the functional unit of
the study. Then the calculation is made in order to quantify the inputs and outputs of the
system for its entire life cycle as defined in the scope definition. (ISO 14040:1997(E)).
Inventory analysis is performed for each unit process that in included within the system
boundaries. Inventory analysis becomes an important step for quantifying the energy and raw
material consumptions, air/water/soil emissions, waterborne effluents, solid wastes and other
environmental releases incurred by the system throughout the entire life cycle (Negelah,

2008). This process is carried out either by direct measurements in the site, theoretical data’s
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from designed documents and from already existing databases and publications. These data’s
of inventory analysis serve as inputs during the impact assessment of the study (Negelah,

2008).

INPUTS OUTPUTS
MY
Materials Solid waste
: 7 Co-products
=
o Water emissions
o
Energy 5 f Air borne emissions
Other emissions
g

Fig. 2.11: Life Cycle Inventory Analysis overview (source: Almanza, 2012)

2.9.1.3. Life cycle Impact Assessment (LCIA) :

Impact Assessment is the third phase of LCA study. Inventory analysis provides quantified
list of environmental loads (air and water emissions, wastes raw material consumption etc.)
generated by the system but the environmental damages associated with them is still
unknown. Life cycle impact assessment further works in managing the results of inventory
analysis and categorizing them in relation to human health, natural environmental health and
resource availability (Almanza, 2012). According to ISO principles, the impact assessment
phase is aimed to evaluate and characterize the magnitude and significance of potential
environmental burdens identified in the life cycle inventory analysis phase (Negelah, 2008;
ISO 14040:1997(E)). Generally, this phase includes following elements (Sonnemann, et al.,
2004; Almanza, 2012):

1. Selection of impact categories based on the goal and scope of the
study.
il. Assigning the data’s of inventory analysis to the selected impact

categories (classification)
1il. Characterizing the inventory data within 1mpact categories

(characterization).
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iv. Normalization of the impact characterized and

v. Valuation /weighting of the impacts.

Mandatory Elements

Selection of impact categories, categories indicators and characterization models

A4
Assignment of Life Cycle Inventory results (classification)

\

Calculation of category indicator results (characterization)

v

LCIA Profile: Category indicator results

v

Optional Elements

Calculation of magnitude of category indicator results relative to reference information
Grouping
Weighing

Data quality analysis

Fig. 2.12: Elements of LCIA phases (Almanza, 2012)

2.9.1.3.1. Category definition

The environmental issues resulted from the product or system contribution are investigated in
this section. Based on the inventory results and in relation to the goal and scope of the study,
impact category is selected (Almanza, 2012). There are many impact categories in LCI and
the most common are global warming, stratospheric ozone depletion, eutrophication,
acidification, photo-oxidant formation, eco-toxicity, human toxicity, biotic and abiotic

resources (Stranddorf, et al., 2005).
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Table 2-4: Most important impact categories and possible indicators (Frances, 2013;

Jacquemin, et al., 2012).

Impact Category Possible Indicator

Input related categories

Extraction of Biotic resources Replenishment rate

Extraction of Abiotic resources | Resource depletion rate

Output related categories

Global warming Kg CO; as equivalence unit for GWP
Stratospheric ozone depletion Kg CFC-11 as equivalence unit for ODP
Eutrophication Potential Phosphate (PO47) equivalence unit for EP
Acidification Potential Release of SO; as equivalence unit for AP

Human toxicity potential (HTP) | HTP

Eco-toxicity Freshwater Aquatic Eco-toxicity potential (FAET)

Photo-oxidant formation Kg ethane as equivalence unit for photo-chemical

ozone creation potential (POCP)

The impact categories mentioned in the above Table 2-4, are the most used impact categories
in LCA’s of wastewater but in this study, we are considering only the impacts of global

warming, ozone depletion, eutrophication and acidification.
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Classification Characterization Normalization Valuation
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Fig. 2.13: An overview of the steps followed in LCIA (Finnveden et al.,
2000; Negelah, 2008)

2.9.1.3.1. Classification:

The grouping of data’s from the inventory data table is classified into different environmental
releases that support to different impact categories. The classifications may be Global
warming potential (GWP), Ozone layer depletion potential (ODP), Eutrophication Potential
(EP), Acidification potential (AP) etc. The inventory results are grouped into the same impact
category. For example, phosphorous and nitrogen belongs to the impact category of
eutrophication whereas methane, carbon dioxide and nitrous oxide belong to the impact

category of global warming.
2.9.1.3.2. Characterization:

After classification of environmental releases, impact characterization is done.
Characterization is the assessment of the magnitude of potential impacts and characterizing
the impacts in its corresponding environmental impact category (Akwo, 2008). So

characterization includes various environmental impacts and issues of concern, based on the
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classifications made. For example, Nitrous oxide (N2O) has a global warming potential of
298 relative to CO2 and Methane (CH4) has global warming potential of 25 relative to CO>
over a 100 year time horizon (Fuchs, et al., 2011; ISO 14044:2006). So the characterization
factor for CO, and CH4 are 1 and 25 respectively, likewise, for CO> and N>O the
characterization factor are 1 and 298 respectively. Then, during impact characterization of

GWP, inventory result is multiplied with the characterization factor (Goedkoop, et al., 2010).
2.9.1.3.3. Normalization

Normalization is the ways that potential impacts of the system can be compared or relate it to
a broader data set or situation, for example, comparing and relating the system’s global
warming potential to a country’s yearly global warming potential (Muifioz, et al., 2006;

Almanza, 2012).

For example, the normalized global warming potential (GWP) for any considered product or

system is calculated as;

GWP

Normalized GWP =
Normalization reference of GWP

Where, normalization reference is the unit impact potential per person per year in the area
(i.e. global, regional or local) and Normalization reference for GWP can be calculated to 8.7

ton CO:2 — eq./capita/year (Stranddorf, et al., 2005).
2.9.1.3.4. Valuation

Valuation is the assessment made for the similar importance of environmental burdens
identified in the classification, characterization and normalization stages (Almanza, 2012;
Roy, et al., 2009). Valuation allows weighting of the impacts so as to compare or aggregate

them.
Example for calculation of Characterization and Normalization:

If the amount of CO; produced = 20 kg and amount of CH4 produced is 15 kg. Then,
Characterization factor is 1 for CO; and 25 for CHa.
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Therefore, Global warming potential (GWP) = 20 kg CO> (GWP=1) + 15 kg CH4 (GWP=25)
=[(20*1) + (15*25)] kg CO> equivalent = 395 kg CO: equivalent.

Now, Normalized GWP = [GWP] / Normalization reference for GWP =395/ 8.7
=45.4 kg CO2 equivalent.
2.9.1.4. Interpretation:

Life cycle interpretation is the final phase of LCA study where final evaluations, conclusions
and further recommendations for the study carried out are made (Almanza, 2012). The
identifications and findings of inventory analysis and impact assessment are combined
together and evaluated in relation to the goal and scope of the study (ISO 14040:1997(E)).
This evaluation may include both quantitative and qualitative measures of improvement and
analyze the completeness, sensitivity and consistency checks of the product or the system that
is being applied (Roy, 2009; Negelah, 2008). All these evaluations made during the
interpretation may result as a form of conclusions and recommendations to the decision

makers whether to make changes, make improvements or go for an alternative solution.
2.9.2. Limitations of LCA

There are certain limitations of LCA which can be summarized as below (Mufoz, et al.,

2006; Almanza, 2012):

e LCA addresses potential rather than actual impacts.

e LCA focuses on physical characteristics but does not include the
market mechanisms or other secondary effects on the technological
development.

e LCA regards all processes as linear, both in the economy and the
environment.

e LCA focuses on environmental issues associated to products and
processes but it does not address the economic and social
consequences.

e Data availability.

2.9.3. LCA software available

To accomplish an LCA, software has been developed to simplify the LCA studies. To study
on WWT systems, SimaPro 7, Umberto, TEAM, EcoPro, Eco-IT and Gabi 5 software have
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been used among others (Frances, 2013). Every software have different features for

assessment so are distinct from each other. For this study SimaPro 7 software has been used.
2.9.3.1. SimaPro 7

SimaPro 7 is the worldwide used computer software tool for life cycle assessment. The
software is used in managing and storing data, calculating and analyzing the environmental
impacts and performing the sensitivity analysis of the LCA study. The software was
developed and released in 1990 and is distributed by PRé Consultants, based in Netherlands
(PR¢ sustainability 2012) (Herrmann, et al., 2015). In SimaPro 7, the impacts of WWT
systems are broadly divided into four main categories; (i) ecosystem quality (i1) human health
(111) climate change and (iv) natural resources (Alanbari, et al., 2014). The LCA phases are
structured in accordance with ISO 14040 and ISO 14044 standards in SimaPro.

2.9.3.1.1. Goal and Scope definition in SimaPro7

Description of goal and scope for each project is available in the software with three sections

which are (Alanbari, et al., 2014):

e Text field: In this section, description of different aspects of goal and scope
definition is made.

e Libraries section: In this section, we can pre-define the library with standard
databases relevant for the project to be studied.

e Data quality section: In this section, the characteristics of data can be pre-defined.

2.9.3.1.2. Inventory Analysis in SimaPro 7

This software contains details of input and output databases describing resources use,
materials use and emissions to air and water. It includes all the stages; construction, operation
and demolition of the product or system throughout its entire life cycle and provides the

inventory result by interpreting the process structure (Goedkoop, et al., 2010).
2.9.3.1.3. Impact Assessment in SimaPro 7

In SimaPro7, a wide variety of impact assessment methods via classification,
characterization, normalization and valuation of impacts are available so as to perform the
LCA study. The software includes different methods for impact assessment; CML 2 baseline
2000, Eco-indicator 95, Eco-indicator 99, EPS 2000 and CML 92 (Goedkoop, et al., 2010).
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2.9.3.1.4. Interpretation in SimaPro 7

This section is designed as a checklist that covers the relevant issues specified in the ISO

standards (Alanbari, et al., 2014).

Inventory analysis

Data collection L

Characterization

A
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Normalization

{}

Sensitivity analysis
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V

Fig. 2.14: Methodological steps in LCA.

2.9.4. LCA for sustainability of wastewater treatment system

Environmental sustainability is a concern and a stated objective for every developed and
developing nation. As discussed earlier, wastewater treatment systems are designed and
operated to control, minimize or eliminate the water pollution and the environmental impacts
caused by wastewater discharges (Barjoveanu, et al., 2010). Besides this, the treatment
process consumes energy, chemical reagents and produce sludge (Almanza, 2012;
Barjoveanu, et al., 2010) during its life period. So for a long-term ecological and
environmental sustainability, the aim of WWT systems should also consider minimizing the
loss of resources, reduce the energy consumption, quantity of waste generation and enable

nutrients recycling (Pasqualino, et al., 2009).

The aim of environmental sustainability analysis is therefore, to understand and address the
environmental aspects, to preserve and protect the natural ecological and environmental
balance by efficient utilization of environmental resources and energy, nutrient recycling and
taking up emissions so that it can support for long-term development (Balkema, et al., 2002;

Pasqualino, et al., 2009). Many studies and analysis have been made for ensuring sustainable
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solution of the environmental impacts. LCA is one of the efficient tool and has been used to
explore the environmental sustainability of wastewater treatment systems by estimating the
environmental loads, quantifying the environmental impacts, categorising the impacts and
finding solutions either by improvements or by selecting other treatment alternatives and

different unit processes (Barjoveanu, et al., 2010; Pillay, 2006; Lundin, et al., 2002).

The importance of energy recovery, nutrient recycling and reducing the emissions, which are
some of the aspects of environmental sustainability in a WWT system has been exposed by

the LCA studies (Tillman, et al., 1998; Lundin, et al., 2000; Lundin, et al., 2002).

Requirement level for removal of various pollutants in treated water has led to higher
production of sludge but ways for eliminating this sludge are getting restricted more enough
(Pasqualino, et al., 2009). In the case of an urban centralized wastewater treatment system,
the sludge generated were traditionally incinerated and disposed off either in landfill sites or
dumped into the sea. Today at present, landfilling and dumping in the water bodies, has been
banned in many developed countries including Europe (Svanstrom, et al., 2004; Pasqualino,
et al., 2009). In addition, sludge incineration also led to emissions of substances like mercury
and dioxins and generates ashes, a hazardous waste (Palme, et al., 2005). So recycling sludge
to a level free from heavy metals, pathogenic microorganisms and toxic organic compounds
is the best option for sludge handling which can be used as a fertilizer for agricultural purpose
and land reclamation thereby substituting the mineral fertilizer (Svanstrom, et al., 2004;
Pasqualino, et al., 2009). For example, the N and P from recycled sludge fertilizer can
substitute the equivalent amount of N and P mineral fertilizer. Therefore, recycling of waste
sludge to fertilizer and saving of energy that is required while producing mineral fertilizer can
be achieved at the same time. Another valuable component from a wastewater treatment plant
is the bio-gas produced during the anaerobic digestion process of sludge. Methane that is
present in the bio-gas can be used as a renewal energy source thereby replacing the use of
fossil fuels used in the production of energy and electricity. Hence, reduction in air emission
and electricity consumption can be achieved by the use of methane as an energy source as
well as the recycled sludge can replace the mineral fertilizer and save the energy used in its

production (Belhani, et al., 2008; Pasqualino, et al., 2009).

Therefore, in the context of sustainability of wastewater treatment facilities, LCA could be a
systematic tool to evaluate and where possible reduce the environmental impacts caused by

the treatment system at various stages over the entire life period and provide a basis for

36



assessing potential improvements in the environmental performance of the system (Pillay,

2006; Lundin, et al., 2002).
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CHAPTER -3 METHODOLOGY

This chapter includes the description of wastewater treatment systems chosen for the study.

Inventory data are calculated, analysed and presented in this chapter.
3.1. SYSTEMS UNDER STUDY

The study was carried out for three small scale decentralized wastewater treatment systems in

Norway which are at present all in operation.
3.1.1. Hoyéas farm wastewater treatment system

The Hoyas farm wastewater treatment plant is located at Brekkevein 120, Gnr/Bnr. 48/3, As
municipality with geographical coordinates 59° 38” 5.5°’N and 10" 47’ 13”’E (Al Nabelsi, et
al., 2013). The system was designed for treatment of wastewater generated by 8 persons in
average, with a maximum of 25 persons per day throughout a year and each person producing

a daily load of 200 litres of wastewater (Al Nabelsi, et al., 2013).

The design concept is based on four main units; a septic tank, an aerobic bio-filter,
phosphorus filters and finally sand filters. The system consists of a pre-fabricated fiberglass
septic tank with total volume capacity 9.5 m?®, further divided into three chambers with
volumes 6.9 m?, 1.3 m? and 1.3 m? in chambers 1%, 2" and 3™ respectively based on the

specification of VA-Miljeblad nr.48 (Al Nabelsi, et al., 2013).

The septic tank provides preliminary treatment of the wastewater allowing the solids to settle
down at the bottom of the tank, oils and fats to float at the top forming a scum layer,
digestion of organic matter and discharge the treated wastewater as an effluent to the
following units (Al Nabelsi, et al., 2013). The effluent from the septic tank flows to a
pumping chamber of volume capacity 2 m® which allows controlled discharge to the
following treatment unit (Al Nabelsi, et al., 2013). According to the study made by (Mironga,
2014), the pumping chamber consumes an average energy of 0.397875 kWh per day (i.e.
144.83 kWh per year).
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Fig. 3-1: Small scale wastewater treatment plant at Heyas farm (source: Mironga,

2014)

The septi tank effluent is pumped to the bio-filter unit which is designed according to VA-
Miljeblad nr.49 and consists of three domes with centrally located nozzle assuring even
distribution of influent and filled with crushed filter media, Filtralite-P HC 2.5-5mm up to 60
cm depth (Al Nabelsi, et al., 2013). Aerobic treatment process with vertical flow carries
inside the bio-filter domes as the wastewater is spread over the filter media through the
nozzle and gets collected down in the bottom of the unit. The treatment process in the bio-
filter enhances biodegradation of organic matter resulting in the reduction of BOD,
nitrification process, phosphorus removal as well as some reduction of the pathogenic micro-
organisms (Mironga, 2014; NORVAR and NKF, 2001). The effluent from the bio-filter unit
is then pumped equally into two separate phosphorus filter tanks installed parallel to each
other which are filled with 4 m® Filtralite-P (LWA) in one tank and 4 m® Filtramar (shell-
sand) in the other tank as filter materials. Both the filter tanks are made of fiberglass with 6
m? capacity (Mironga, 2014). Both the filter media, Filtralite-P and Filtramar (shell-sand) has
been regarded as a high-quality filter media for phosphorous removal (AdAm, et al., 2007).
Finally, the treated effluent from both the phosphorous tanks flows into two separate
impermeable sand filter trenches (size: length 10m, width 0.7m and depth 0.7m) installed
parallel to each other. The sand filters allow further purification of phosphorous, bacteria and
organic matters and serves as a polishing step of the wastewater (Al Nabelsi, et al., 2013).

The finally treated effluent from the whole system is connected to the agriculture drainage via
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means of corrugated standard drainage pipes. The detail cross-section of treatment units are

presented in Annex 6.

The construction of Heyas farm wastewater treatment system was completed in September
2012. Al Nabelsi, et al., (2013) observed and studied the operation performance of the
wastewater system from October 2012 until January 2013. Also, Mironga, (2014) studied the
operation performance from June 2013 to March 2014. The performance result of the system
made by both the authors has been presented in Table 2 & 3 of Annex 1. From both the
studies carried out, the average performance results of the Hoyéds farm treatment system is

calculated in Table 4 of Annex 1 and presented in Table 3-1 below:

Table 3-1: Average treatment results of Hoyas farm WWT system from studies carried out by

two authors, Al Nabelsi, et al., (2013) and Mironga, (2014).

Parameters % removal
Total - P 96.54
Total - N 57.58

BODs 94.495
COD 75.75

3.1.2. Kaja grey water treatment system

Kaja grey water treatment system is located at student dormitories of University of
Norwegian Life Sciences, As municipality. The system was built in 1997 and was designed
for 48 students with a concept of recycling system based on ecological engineering principles
(Jenssen and Vrale, 2003). The system consists of three fundamental units; a septic tank as a
pre-treatment unit followed by an aerobic bio-filter and a subsurface horizontal flow
constructed wetland. The system treats only the grey water generated from the student
dormitories. The black water is collected separately and trucked out for further treatment on

monthly basis.
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Fig. 3.2: Complete recycling system at the student dormitories based on separate

treatment loops for black water and grey water. (source: Jenssen, 2002)

The treatment of grey water generated by the 48 students (average 115 litres per
student in a day) (Jenssen, 2005) starts with a septic tank as a pre-treatment unit. The
septic tank has a total volume capacity of 10 m?> with three separate compartments.
The effluent from the septic tank undergoes further treatment in a vertical down-flow
single pass aerobic bio-filter unit. The bio-filter unit consists of a hemispherical dome
with a centrally fitted nozzle which facilitates even distribution of the septic tank
effluent over the bio-filter surface. The bio-filter is filled with light-weight aggregate
(Filtralite-P) (grain size 2-4 mm) as filter media, to a standard depth of 60 cm and is
aimed to enhance nitrification, reduction in phosphorous content, BOD content and
micro-organisms (Jenssen and Vrale, 2003). Finally, the treated water from the bio-
filter unit flows to a horizontal subsurface flow constructed wetland of 1m depth filled
with light-weight aggregate (Filtralite-P) as filter media. The wetland section is
vegetated with grass over an insulating soil cover. For treating grey water, the
recommended surface area is 2-3 m? per person, hence the total area of the kaia
treatment system is 100 m? (Jenssen and Vrile, 2003). The average outlet
concentration and treatment performance (%) of Kaja treatment system is presented in

Table 3-2 below:
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Table 3-2: Average outlet concentration (mg/L) and treatment performance (%) of

Kaja grey water treatment system (Jenssen and Vrale, 2003).

Parameters Outlet concentration (mg/L) | Treatment performance (%)
Total - P 0.05 94
Total - N 2.6 70
BOD~ 5.6 94
COD 15.8 94

3.1.3. Natural wastewater treatment system at Vidariasen Camphill, Andebu.

The wastewater treatment system is located in Vidardsen Camphill at Andebu municipality in
Vestfold county, southeast of Norway. The Camphill is a small community village of around
200 people. The treatment system was constructed in 1966 and was designed for treatment of
sewage from the community which also includes effluent from a dairy, a bakery, a laundry,
animal husbandry, a food-processing workshop and a herb garden (Pandey, 2016). The
treatment system is based on the concept of natural treatment process utilizing the
combination of ponds and horizontal/vertical flow constructed wetlands. The whole
treatment system consists of a sequential treatment units as primary settling tank (septic tank)
— two pre-filters (one vertical and other horizontal flow constructed wetland) — enhanced
facultative pond (EFP) — three stabilization ponds — and two horizontal flow constructed
wetlands (layout of the treatment system shown in fig. 3-6 below). The pre-treatment filters
after the settling tanks are subsurface flow constructed wetlands and are located in series.
These filter units are filled with sand and graded gravel as shown in the fig. 3-4 below. The
effluent from the pre-filter units flows to an enhanced facultative pond by gravity. The EFP
has been designed based on the concept of Oswald (Oswald, 1990) with a square shaped shaft
(area 100 m? and depth 3m) at the centre of the pond. The EFP consists of five nos. of flow
forms for re-circulating the wastewater so as to increase the dissolved oxygen content in the
upper zone of EFP (Pandey, 2016). The effluent from EFP flows to three stabilization ponds
that are located in series. The first stabilization pond also consists of flow forms for re-
circulating the water. The third pond is connected to a planted filter dam at the inlet and a
horizontal flow constructed wetland at the outlet as shown in the layout diagram fig 3-6
below. The effluent from the first constructed wetland flows to the second constructed

wetland. Filtralite-P has been used as filter materials on both the wetland units. The final
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treated effluent is discharged into the Skorge river that flows on the west side of the village.
The design information’s of different treatment units of Vidarasen is shown on the Table 3-3

below (Browne et al., 2005; Pandey, 2016):

Table 3-3: Design information’s of treatment units of Vidarasen WWT system

(Browne, et al., 2005; Pandey, 2016).

Treatment Surface Depth Volume Remarks
units area (m?) (m) (m?)
Septic tak - - 13 | Average flow rate 30 m® / day
Pre-filter 1 200 0.6 120 | Hydraulic loading 15 cm / day
Pre-filter 2 100 0.9 90 | Hydraulic loading 30 cm / day
EFP 360 1.5 540
Pond 1 600 1.2 720
Pond 2 250 1.5 375
Sand filter 90 - -
Pond 3 200 1.5 300
C. wetland 1 90 1 90
C. wetland 2 100 1 100
Total 1990

S
_/»,

VIDARASERS LANDSEY

SETTIEMENT POND [ASKRATED LAGacs:)

Fig. 3.3: Cross-sectional view of Enhanced Faculative Pond (EFP) (Browne, et al.,

2005).

43



R OO E N EDRE ~. § (PR (IR
1 i L

Fig. 3-4: Cross-sectional view of pre-filter 1 and pre-filter 2 (Browne et al., 2005).

SETEMENT POND (AERATED tAGooN) *

Fig. 3-5: Plan view of Enhanced Faculative Pond (EFP) (Browne, et al., 2005)
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Results of first five years of operation has been shown in the Table 3-4: below;

Table 3-4: Average effluent concentrations and % removal from different treatment units

(mg/1l) (Browne, et al., 2005).

Parame | STE | Pre- % EFP % Pond | % Pond | % CW | %

ter filter remo remo | 1 remo | 2+3 remov remov
val val val al al

Total -P | 6.8 3.6 47.06 | 2.16 68.23 | 0.88 87.06 | 0.52 92.35 0.25 96.32

Total - N | 49.1 28.2 42.57 | 13.7 72.1 6.51 86.74 | 4.42 91 4.07 91.71

TOC 84.6 18.8 77.78 | 7.81 90.77 | 6.38 92.46 | 5.03 94.05 4.86 94.25

SS 130 39 70 - - - - 5 96.15 <3 >97.7
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Fig. 3-6: Layout diagram of wastewater treatment system at Vidarasen Camphill

(Browne, et al., 2005; Pandey, 2016).
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3.2. Goal and Scope definition of the study

3.2.1. Goal of the study:

The aim of this study is to assess the environmental performance of three small-scale
wastewater treatment systems in Norway as according to the ISO standard framework. The
specific objective of the study are:

- To perform inventory analysis of material use, resource consumption and the
environmental impacts assocciated with the small-scale WWT systems in Norway.

- To identify the environmental hot spots of the systems investigated.

- To perform improvement analysis to improve the environmental performance of
the system evaluated.

3.2.2. Scope of the study:

The study is carried out with Life Cycle Assessment (LCA) tool based on ISO standards
14040-14044 series and is limited to construction and operation phase of the three selected
small-scale WWT systems. SimaPro 7 is used as the software to analyse the environmental
burdens and provide specific results concerning the impacts. CML 2 baseline 2000 method
has been selected for the life cycle impact assessment. Although CML 2 baseline 2000
method considers ten different impact categories; this study is limited to four impact
categories which are; Global Warming Potential (GWP), Ozone Depletion Potential (ODP),
Acidification Potential (AP) and Eutrophication Potential (EP).

3.2.2.1. Functional unit of the study:

As stated earlier, the functional unit allows the relation of all the data collected in the
inventory phase and is the basis for comparison for the wastewater treatment system. The
functional unit adopted in this study is expressed in kg/p.e./year. All the impacts generated
by the systems in the impact assessment phase of this LCA study will be expressed referring
to this functional unit.

3.2.2.2. System boundary of the study:

However all the phases of LCA study; construction, operation and demolition phase lie
within the system boundary, this study is limited only to construction and operation phase. So
the boundaries of this study start from construction stage and end up with operation stage.
Demolition phase is excluded in this study. Transportation of construction materials and
maintenance of the system are neglected in this study. Background information’s related to
the inputs during construction and operation stages considered in this study was been
retrieved from LCI databases in SimaPro 7. The system boundaries of the wastewater
treatment systems considered in this study is shown in figure below:
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Fig. 3.7: System boundary of Hoyas farm WWT system in this study.
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Fig. 3.8: System boundary of Kaja grey water treatment system in this study.
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System boundary of Vidarasen wastewater treatment system
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Fig. 3.9: System boundary of Vidardsen WWT sytem in this study.

3.2.3. Assumptions made in the study:

e The quantity of soil generated during earthwork excavation is assumed to be used in the

nearby lands so it is not taken into consideration during inventory analysis.

e Data for the operational energy consumption was not available for Kaja and Vidarasen
system. Therefore, the operational energy consumption value of Hoyas farm 0.397875 kWh
per day or 144.83 kWh per year (Mironga, 2014) was taken as a reference for other two
systems. Vidardsen WWT system consists of three pumps so the energy consumption is
estimated as 0.397875 kWh * 3 nos. per day = 1.193625 kWh per day = 434.48 kWh per

year.

e Estimation of materials quantity for flow forms used in EFP and stabilization pond 1 at

Vidardsen WWT system is neglected.

e Energy consumption during the construction works during use of excavators, transporting

construction materials has been ignored during inventory data input for all the systems.

e Disposal of sludge accumulated in the septic tank of every system is assumed to be trucked

out to a distance of 20 kilometres away for further treatment.
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3.3. Life-cycle Inventory analysis (LCI) of the study:

As stated earlier, this phase involves in data collection and calculation procedures to quantify
the environmental inputs and outputs, first quantity estimation of all the materials used during
construction of the treatment systems was made with the available secondary data’s. Then the
data’s were entered into the construction category of inventory system in SimaPro 7. Then
operational data was calculated as in relation to the functional unit defined in the goal and
scope of the study. Likewise, performance data’s of all the systems were taken from earlier
studies made by different authors and was converted into the same functional unit
(kg/p.e./year). Then the operational data was entered into the operational category of
inventory system in SimaPro 7. Then energy consumption and sludge transportation to a
distance of 20 kilometres was entered in the operational inventory system. The outputs of
inventory analysis in terms of water, air and soil emissions was further analysed for related

environmental impacts (GWP, EP, ODP and AP) using SimaPro 7.

The environmental inputs and outputs of the inventory analysis are represented in the flow

diagram below, fig. 3.10:

Emission to air
Energy
Construction ..
Emission to water
Material
Em

ission to soil

VAVAV

Energy Emission to air>
Operation .
Emission to water
Material
Emission to SOD

Fig. 3.10: Representation of environmental inputs and outputs in LCI

analysis (source: Frances, 2013).
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3.3.1. Construction phase inventory

The summary of construction materials consumed during the construction phase has been

tabulated below (Table 3-5). The calculated quantities are for the functional unit (i.e. per

person equivalent per year). SimaPro data base does not have process input and output for

“Filtramar”. Therefore, Filtramar was assumed as natural sand and the process data set

available for natural sand was used for the inventory. The details of inputs are calculated and

presented in Annex 5 and Annex 4.

Table 3-5: Summary of materials used for construction of Heyas farm,

Kaja system and

Vidardsen WWT system:
S.N. | Items Unit Hoyas Kaja grey | Vidarasen
farm water WWT system
WWT treatment
system system
1. Sand kg/p.e./yr 280.28 29.20 80.33
2. Gravel kg/p.e./yr 238.15 13.24 87.00
3. Gravel (coarse) kg/p.e./yr - - 18.92
4. Filtralite-P (2.5- kg/p.e./yr 59.13 63.00 -
Smm)
5. Filtralite-P (0.5- kg/p.e./yr 12.50 - 23.75
4mm)
6. Filtramar kg/p.e./yr 22.00 - -
7. Fibre glass kg/p.e./yr 8.28 0.51 0.16
8. PVC pipe Ib/p.e./yr 15.73 1.16 1.81
9. Geo-membrane kg/p.e./yr 0.76 - 0.41
10. PVC film kg/p.e./yr 0.015 0.04 -
11. Styrofoam kg/p.e./yr - 2.06 1.25
(polystyrene foam)

3.3.2. Operational phase inventory:

The reference values used to quantify wastewater compositions and air emissions are

presented in Table 3-6, Table 3-7, Table 3-8, Table 3-9 and Table 3-10 below:

51




treatment system (Jenssen and Vréle, 2003; Jenssen, 2005).

Table 3-6: Grey water composition measured in septic tank effluent in Kaja grey water

Parameters Concentration (mg/L) Mass (g / p.e. / year)
Total - P 0.97 56

Total - N 8.2 470

BOD 87 3642

Table 3-7: Percentage of P, N, BODs and COD a person produces per day (Yri, et al., 2007).

Parameters The amount produced ( g/ p.e. / day)
Total - P 1.6
Total - N 12.0
BOD:s 40.0
BOD; 46.0
COD 94.0

Table 3-8: Greenhouse gas emissions from Septic tank (Diaz-Valbuena, et al., 2011).

Emissions Unit Rate of emissions
Methane (CH4) g/ person / day 11.0
Carbon dioxide (CO») g/ person / day 33.3
Nitrous oxide (N20) g/ person / day 0.005

Table 3-9: Greenhouse gas emissions from Constructed wetland (Fuchs, et al., 2011).

Emissions Unit Rate of emissions
HSSFW VSSFW
Methane (CHq) mg / m?/ day 96.5 77.4
Carbon dioxide (CO2) mg / m?/ day 1301 5200
Nitrous oxide (N>O) mg / m? / day 2.9 10.8

(where, HSSFW — horizontal sub-surface flow wetland, VSSFW — vertical sub-

surface flow wetland).
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Table 3-10: Greenhouse gas emissions from natural pond system (Hernandez-Paniagua, et al.,

2014 and SINGH, et al., 2005).

Emissions Unit Rate of Remarks
emissions

Methane (CH4) g/ m?/ day 86.0 Hernandez-Paniagua, et

Carbon dioxide (CO2) | g/m?/day 85.0 al., 2014

Nitrous oxide (N2O) | mg/m?/ day 0.51 SINGH, et al., 2005

Average sludge accumulation rate in septic tank treating wastewater is taken as, 0.19 liters
per person per day (Brandes, 1978) i.e. 69.16 liters / person / year. Whereas sludge
accumulation rate in septic tank treating only grey water is taken as, 8.3 litres / person / year
(Brandes, 1978). The quantity of sludge generated was assumed to be trucked out to a

distance of 20 kilometres from the treatment sites.

Since the reference data for CH4 emissions from septic tank treating only the grey water was
unavailable, therefore this value was taken with the proportion ratio of organic matter
content, i.e. BOD content in grey water to BOD content in sewage (black water + grey
water). The value was taken assuming that CH4 gas emission is mainly associated with the
organic matter content (Tchobanoglous, et al., 1991). Detail of calculation is presented in
Annex 6. The comparison gives the ratio value of 1:4 . Therefore, CHs emission from grey
water septic tank 11/4 (g/p.e./day) i.e. 2.75 g/pe/day. Similarly, NoO emission for Kaja
system was also taken from proportion ratio of Total-N concentration in grey water to Total-
N concentration in combined black water and grey water assuming that N>O emission is
associated with total nitrogen content. Detail of calculation is presented in Annex 6. The
comparison gives the ratio value of 1 : 9.2. Therefore, N>oO emission from grey water septic

tank 0.005/9.2 (g/p.e./day) i.e. 5.43E-4 g/pe/day.

These ratios are taken as a reference while calculating the CH4 and N>O emission from septic

tank and wetland of Kaja grey water treatment system.

The values of air emissions from a septic tank is given by (Diaz-Valbuena, et al., 2011) and
for constructed wetland by (Fuchs, et al., 2011) in the case of wastewater. Due to lack of

reference data, CO» emissions in Kaja grey water treatment system has not been taken.
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3.4. Life Cycle Impact Assessment (LCIA):

The methodology used for assessment of impacts in this study is CML 2 baseline 2000 V2.05
in SimaPro 7. CML 2 baseline 2000 V2.05 is a part of the “Operational Guide to Life Cycle
Assessment” of Centre for Environmental Studies, University of Leiden, The Netherlands
(Zaman, 2010) and is based on an internationally accepted approach. CML 2 baseline 2000
V2.05 is based on the problem-oriented approach where the environmental impacts of each
process flow are accounted (Renou, et al., 2008). In this approach, first the process flows are
classified into impact categories then secondly the relative contribution of flows to each
category is analysed and evaluated and finally based on the results, normalization of the

impacts is done in the interpretation phase (Iriarte, et al., 2009).

Impact categories in CML 2 baseline 2000 V2.05 are; global warming, ozone layer depletion,
eutrophication, acidification, abiotic depletion, human toxicity, marine aquatic eco-toxicity,
fresh aquatic eco-toxicity, terrestrial eco-toxicity and photo-chemical oxidation. This study is
focused only on four impact categories; global warming potential (GWP), ozone depletion

potential (ODP), eutrophication potential (EP) and acidification potential (AP).

Characterization values of each impact are analysed and for normalization, The Netherlands,
1997, values for the impacts are taken. The normalization values as on The Netherlands, 1997

values in LCA is given below in Table 3-11 (source: Pré Consultants, 2008):

Table 3-11: Normalization value used in CML 2 baseline 2000 V2.05 method

Impact categories Unit The Netherlands, 1997
Global warming potential (GWP 100) kg COz eq. 3.96E-12
Ozone depletion potential (ODP) kg CFC-11 eq. 1.02E-6
Eutrophication potential (EP) kg PO4> eq. 1.99E-9
Acidification potential (AP) kg SO> eq. 1.49E-9
Abiotic depletion kg Sb eq. 5.85E-10
Human toxicity kg 1.4-DB eq. 5.32E-12
Marine aquatic eco-toxicity kg 1.4-DB eq. 3.14E-13
Fresh water aquatic eco-toxicity kg 1.4-DB eq. 1.33E-10
Terrestrial eco-toxicity kg 1.4-DB eq. 1.09E-9
Photo-chemical oxidation kg CoHy 5.49E-9

(source: Pré Consultants, 2008).
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Description of the impact categories considered for this study are as below:
3.4.1. Global Warming Potential (GWP):

Global warming is considered as a global effect and is contributed due to the effect of
increasing temperature in the lower atmosphere (Stranddorf, et al., 2005). Emissions of
greenhouse gasses like methane (CHa), carbon dioxide (CO3), and nitrous oxide (N2O) and its
content in the atmosphere reflect the incoming infrared radiation (Stranddorf, et al., 2005).
This causes the temperature increase in the lower atmosphere to a level above normal
resulting in the contribution of global warming. Carbon dioxide gas is taken as the
equivalency factor for greenhouse gasses, so the GWP for greenhouse gasses is expressed and
calculated in kg CO:z-equivalents (kg COz-eq.) with a time horizon of 100 years. The
normalization reference for GWP has been calculated to 8.7 ton CO2-eq. / capita / year

(Stranddorf, et al., 2005).
3.4.2. Ozone layer Depletion Potential (ODP):

Stratospheric ozone layer act as a filter to incoming ultraviolet (UV)-radiation into the earth
surface. Depletion of this ozone layer will result to increased incoming UV-radiation which
leads to impacts on humans, natural organisms and the eco-system, therefore it is also
considered as a global impact (Stranddorf, et al., 2005). This depletion is enhanced by
compounds like chloro-flurocarbons (CFCs), hydroflurocarbons (HFCs), hydro-
chlorofluorocarbons (HCFCs) etc. Ozone depletion potential (ODP) are calculated relative to
the potential of CFC-11 and therefore it is expressed as CFC-11 equivalents. The
normalization reference for ODP has been calculated to: 0.103 kg CFC-11-eq. / capita / year
(Stranddorf, et al., 2005).

3.4.3. Eutrophication Potential (EP):

Eutrophication is caused due to the enrichment of nutrients (mainly phosphorus and nitrogen)
in the aquatic environment. This results in the growth of planktonic algae and aquatic plants
which lead to the reduction of water quality. Eutrophication potential (EP) is expressed in
terms of phosphate equivalents (POs>- eq.). The normalization reference for EP has been

calculated to 0.3 kg P-eq. / capita / year (Stranddorf, et al., 2005).
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3.4.4. Acidification Potential (AP):

Acidification is basically a local and regional effect and refers to the increase in acid content
in the terrestrial or aquatic eco-system (Stranddorf, et al., 2005). Acidifying substances that
lead to acidification are; oxides of sulphur (SOx), nitrogen oxides (NOx) and ammonia (NH3)
(Stranddorf, et al., 2005). Acidification potential (AP) is expressed in terms of sulphuric acid
(SO») as an equivalence factor and so is expressed as SOz-eq. The normalization reference for

AP has been calculated to 59 kg SO:z-eq. / capita / year (Stranddorf, et al., 2005).
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CHAPTER 4 RESULTS, DISCUSSIONS AND INTERPRETATION:

In this chapter, the results and findings of the study are presented. Discussions on the

comparative environmental impacts of the three wastewater treatment systems are elaborated.

As mentioned in earlier chapter, CML 2 baseline 2000 methodology was used to analyse the

environmental impacts of the treatment systems considered in this study.

Based on the reference values and performance efficiencies of the treatment systems, the

operational input inventory data was calculated. The summary of operational input inventory

data is presented in Table 4-1 below:

Table 4-1: Summary of calculated operational phase inventory data (from Annex 4).

S. Emissions Unit Kaja Vidarasen Heoyéas
system system farm
1.  Water emissions
Total - P kg/ p.e./yr 0.00336 0.02694 0.020151
Total - N kg/ p.e./yr 0.141 0.39072 1.853
BODs kg/ p.e./yr 0.21852 0.1456 0.801674
2 Air emissions
Methane (CH4) kg/ p.e./yr 1.02 60.43 4.004
Carbon dioxide (CO») kg/ p.e./yr 69.68 12.1212
Nitrous oxide (N20) kg/ p.e./yr 0.00044 0.0062 0.00182
3 Sludge Tons/p.e./yr  5.98E-3 0.05 0.05
4 Energy consumption kWh/p.e./yr 3.0173 2.1724 18.10375
5 Transport of sludge to a Tons 1.2E-1 1 1

distance of 20 kilometers km/p.e./yr
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4.1. Results of Hoyds farm WWT system:

Results in table 4-2 represented in fig. 4.1, show that both the construction and operation
phase contribute to different impact categories. AP (99.6%) and ODP (98.86%) are
significant in construction phase whereas EP (96.55%) and GWP (57.64%) are significant in
operation phase. Brief discussions on each environmental impact category are presented

below:

Table 4-2: Impact characterization of Hoyas farm WWT system.

Impact category Unit Constructio  Operation  Sludge Total
n transportation

Acidification (AP) kg SO> 04 0.000151  0.00135 0.402

eq. (99.6%) (0.04%) (0.34%)
Eutrophication Kg PO+ 0.0282 0.84 0.0003 0.87
(EP) eq. (3.24%) (96.55%) (0.034%)
Global warming kg CO2 68 92.8 0.257 161
(GWP 100) eq. (42.24%) (57.64%)  (0.16%)
Ozone layer kg CFC- 4.34E-6 6.08E-9 4.02E-8 4.39E-6
depletion (ODP) 11 eq. (98.9%) (0.14%) (0.91%)

Impact Characterization of Hoyas farm WWT system
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Fig. 4.1 : Impact Characterization of Hoyas farm WWT system

AP: The total acidification impact values 0.402 kg SO; equivalence of which 99.6% is
accounted during the construction stage (Table 4-2). The production process of filter material
and pre-fabricated components are the main contributors for this impact. The assembly layout
diagram of Heyas farm to AP presented in Annex 7 show that air emissions during
production of filter material “Filtralite-P” (expanded clay) has contribution of 41%, followed
by production of fibre glass components (31.3%), PVC pipe (26%) and polypropylene
(1.17%). As mentioned in previous chapter, Filtralite-P has been used as filter media in the
bio-filter unit and phosphorus filter tanks. Likewise, the septic tank, bio-filter domes and the
phosphorus filter tanks are made of fibre glass. The air emissions contributing to the impact
are Sulphur dioxides (SOx) being the highest contributor followed by Nitrogen oxides (NOy)
and Ammonia (NH3) (presented in Annex 8; specification per substance of Hoyés farm to

AP). Operation phase and sludge transportation have minor contribution to AP.

EP: The total eutrophication impact values 0.87 kg PO4™ eq. of which 96.7% is accounted
during the operation phase (Table 4-2). The emission of Total-Nitrogen (0.778 kg PO4™ eq.
i.e. 89.4% of total) and Total-Phosphorus (0.0625 kg PO eq. i.e. 7.2% of total) in effluent
water are the main contributors to the impact. The details of all the contributors to the impact

are presented in Annex 8; specification per substance of Hoyés farm to EP impact.

GWP: The total global warming impact value is 161 kg CO- eq. of which 57.64% (92.8 kg
CO2 eq.) is accounted during the operation phase and 42.24% (68 kg CO:> eq.) is contributed
during the construction phase (Table 4-2). Electrical energy consumed during pumping of
septic tank effluent into bio-filter in the operation phase and greenhouse gases emission from
septic tank has resulted to the impact. Carbon dioxide emission of 34.5 kg CO2 eq. during
production of filter media “Filtralite-P” (14% of 68 kg CO: eq.), PVC pipe (14.1%), fibre
glass products (13.1%) and polypropylene contributes to GWP in the construction phase. The
detail is shown in assembly layout diagram of Hoyds farm to GWP in Annex 7. Greenhouse
gas emissions (CH4, CO; and N>O gases) are the main contributors to the GWP. Specification
per substance of Hoyas farm to GWP presented in Annex 8 show that methane gas (CHa,)
emission has the highest contribution of 96.8 kg CO2 eq. (60.12% of total) of which 92.1 kg

CO2 eq. is emitted in the operation phase.
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ODP: The total ozone layer depletion impact values 4.39E-6 kg CFC-11 eq. of which 98.9%
is accounted during the construction phase. Production of Filtralite-P (expanded clay)
contributes 62.6% and production of fibre glass components contributes 36.3 % to the impact
(assembly layout diagram of Heyés farm to ODP presented in Annex 7). The consumption of
diesel energy, heat energy, electrical energy and burning of natural gas during the production
process are the main elements resulting to the impact. The main air emissions contributing to
this impact are Methane bromotrifluoro- Halon 1301 and Methane bromotrifluoro- Halon
1211 gas followed by other emissions (Specification per substance of Hayas farm to ODP
presented in Annex 8). Operation phase and sludge transport have very minor contribution to

the impact.

From the above discussions, it can be concluded that SOx, NOx and NH3 emissions are the
main contributors to acidification impact and Total-N is the main element contributing to
Eutrophication impact. Similarly, methane is the main greenhouse gas emission followed by
carbon dioxide emission from septic tank that contributes to GWP during operation phase.
According to study carried out by (Leverenz, et al., 2010) and (Diaz-Valbuena, et al., 2011),
septic tank is the primary source of methane and carbon dioxide emission in on-site WWT
systems. Construction phase also contributes to GWP which is resulted from carbon dioxide
emission during production of filter media and pre-fabricated elements. ODP is contributed
during the construction phase. Therefore, we can conclude that production process of
Filtralite-P (expanded clay), pre-fabricated fibre glass components and PVC pipe are the
major contributing factor to the AP and ODP impacts. Similarly, the production process of

such elements also have significant contribution GWP.

Table 4-3: Normalization of impacts of Hoyds farm WWT system

Impact category Construction Operation ~ Sludge Total
transportation

Acidification (AP) 5.96E-10 2.25E-13  2.01E-12 5.99E-10

Eutrophication (EP) 5.61E-11 1.67E-9 5.79E-13 1.73E-9

Global warming 2.69E-10 3.67E-10  1.02E-12 6.37E-10

(GWP 100)

Ozone layer 4.43E-12 6.2E-15 4.1E-14 4.48E-12

depletion (ODP)
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Fig. 4.2 Normalization of impacts of Hoyas farm WWT system.

The normalized value of all the impacts considered in the study for Heyas farm is presented
above in Table 4-3 and is represented in above bar chart Fig. 4.2. The values to AP, EP, GWP
and ODP are 5.99E-10, 1.73E-9, 6.37E-10 and 4.48E-12 respectively. These values are the
normalized impacts resulted by the treatment system, equivalent with the corresponding
impacts of per capita per year. The normalized value show that eutrophication contributed
during operation phase is a significant impact followed by acidification during construction

phase.
4.2. Results of Kaja grey water treatment system:

Results in Table 4-4 represented in bar chart fig. 4.3, show that both the construction and
operation phase contribute to different impact categories. AP (99.9%), GWP (55.38%) and
ODP (99.63%) are significant for construction phase whereas EP (87.5%) is significant for
operation phase. Brief discussions on each environmental impact category are presented

below:
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Table 4-4: Impact characterization of Kaja grey water treatment system.

Impact category Unit Constructio  Operation  Sludge Total

n transportation
Acidification kg SO2 0.184 2.51E-5 0.000162 0.184
(AP) eq. (99.9%) (0.01%) (0.08%)
Eutrophication Kg POs3 0.0101 0.07 3.49E-5 0.08
(EP) eq. (12.62%) (87.5%) (0.0004%)
Global warming kg CO2 293 23.6 0.0308 52.9
(GWP 100) eq. (55.38%) (44.61%)  (0.06%)
Ozone layer kg CFC- 2.68E-6 1.01E-9 4.82E-9 2.69E-6
depletion (ODP) 11 eq. (99.8%) (0.037%) (0.18%)

100

Impact Characterization of Kaja greywater treatment system

M Construction
B Operation

M sludge transport

AP: The total

Fig. 4.3: Impact Characterization of Kaja grey water treatment system.

acidification impact values 0.184 kg SO equivalence of which 99.9% is

accounted during the construction phase (Table 4-4). Production process of Filtralite-P and

pre-fabricated fibre glass components are the main contributors to this impact. Air emissions

during production of filter material “Filtralite-P” (expanded clay) has contribution of 78.9%,

followed by production of polystyrene foam (12.3%), fibre glass component (4.22%) and

PVC pipe (4.2%) (detail shown in assembly layout diagram of Kaja grey water treatment

system to AP presented in Annex 7). As mentioned in methodology chapter, Filtralite-P has
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been used as filter media in the bio-filter unit and horizontal sub-surface flow constructed
wetland (HSSFW), polystyrene (Styrofoam) foam is used as insulation on all the four sides of
constructed wetland pit and septic tank, bio-filter dome are made of fibre glass. The
substance contributors to the impact are Sulphur dioxides (SOx) being the highest contributor
followed by Nitrogen oxides (NOx) and Ammonia (NH3) (specification per substance of Kaja

treatment system to AP presented in Annex 8).

EP: The total eutrophication impact values 0.08 kg PO4s> eq. of which 87.5% is resulted
during the operation phase (Table 4-4). The emission of Total-N (0.0592 kg PO4™ eq.) and
Total-P (0.0105 kg PO4> eq.) in the effluent water are the main contributors to the impact.
The details of all the contributors to the impact are presented in specification per substance of

Kaja treatment system to EP in Annex 8.

GWP: The total global warming impact values 52.9 kg CO; eq. of which 55.38% is resulted
during the construction phase and 44.61% during the operation phase (Table 4-4). Methane
gas (CHa,) emission has contribution of 23.8 kg CO» eq. (45% of total) of which 23.5 kg CO»
eq. is released during the operation phase. Similarly, carbon dioxide (CO.) has contributed
22.7 kg CO2 eq. (42.9% of total) which is resulted in the construction phase. The details of all
the contributors to the impact are presented in specification per substance of Kaja treatment
system to GWP in Annex 8. In construction phase, the emission of CO; is during the
production of Filtralite-P (37.6%), polystyrene foam (11.9%), PVC pipe (3.16%) and fibre
glass components (2.46%) whereas in operation phase the emission of methane (CH4 ) is
mainly from the septic tank (details shown in assembly layout diagram of Kaja treatment

system to GWP in Annex 7).

ODP: The total ozone layer depletion impact values 2.69E-6 kg CFC-11 eq. of which
99.63% is contributed during the construction phase (Table 4-4). Production of Filtralite-P
(expanded clay) contributes 89.9%, production of polystyrene foam contributes 6.23% and
production of fibre glass component contributes 3.65 % to the impact (details shown in
assembly layout diagram of Kaja treatment system to ODP in Annex 7). The consumption of
diesel energy, heat energy, electrical energy, burning of natural gas, fuel oil, foaming process
etc. during the production process are the main factors ccontributing to ODP. Emission of
Methane bromotrifluoro- Halon 1301 and Methane bromotrifluoro- Halon 1211 are the main
gases contributing to ODP. The details of substances contributing to this impact are presented

in specification per substance of Kaja treatment system to ODP in Annex 8.

63



The impact category results are almost similar to that of Hoyés farm WWT system. SOx, NOx
and NH3 emissions during construction phase are the main contributors to acidification
impact and Total-N is the main element contributing to Eutrophication impact. Similarly,
methane (CH4) and carbon dioxide (CO2) emission from septic tank during sludge
accumulation contributes to GWP during operation phase and carbon dioxide emission during
construction phase is the second factor contributing to GWP. ODP is contributed during the
construction phase. Therefore, production process of Filtralite-P (expanded clay), pre-
fabricated fibre glass components and PVC pipe during the construction phase is the major
contributing factor for the AP and ODP and the process also have signifiant contribution to

GWHP..

Table 4-5: Normalization of impacts of Kaja grey water treatment system.

Impact category Construction  Operation Sludge Total
transport

Acidification (AP) 2.74E-10 3.75E-14 241E-13 2.74E-10

Eutrophication (EP) 2.02E-11 1.39E-10 6.94E-14 1.59E-10

Global warming (GWP 100) 1.16E-10 9.35E-11 1.22E-13 2.09E-10

Ozone layer depletion (ODP) 2.74E-12 1.03E-15 4.92E-15 2.74E-12

Normalized impacts of Kaja greywater treatment system
3.008-10 1 H Construction
2.50E-10 ~
B Operation
2.00E-10 ~
150E-10 - sludge transport
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Fig. 4.4 Normalization of Impacts of Kaja grey water treatment system.
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The normalized value of all the impacts considered in the study for Kaja grey water treatment
system is presented above in Table 4-5 and is represented in above bar chart Fig. 4.4. The
values to AP, EP, GWP and ODP are 2.74E-10, 1.59E-10, 2.09E-10 and 2.74E-12
respectively. As mentioned earlier, these values are the normalized impacts resulted by the
treatment system, equivalent with the corresponding impacts of per capita per year. The
normalized value show that acidification contributed during the construction phase is a

significant impact followed by eutrophication during operation phase.

4.3. Results of Vidarasen WWT system

Results in table 4-6 represented in fig. 4.5 below, show that AP (98.54%) and ODP (96.36%)
are significant during construction phase and EP (98.04%) and GWP (98.58%) are
significant during operation phase. Brief discussions on each environmental impact category

are presented below:

Table 4-6: Impact Characterization of Vidardsen WWT system

Impact category Unit Constructi  Operation  Sludge Total
on transportation

Acidification (AP) kg SO2 0.0879 1.81E-5 0.00135 0.0892
eq. (98.54%) (0.02%) (1.51%)

Eutrophication Kg PO4s? 0.00536 0.251 0.000291 0.256

(EP) eq. (2.1%) (97.8%) (0.11%)

Global warming kg CO2 15.8 1.39E3 0.257 1.41E3

(GWP 100) eq. (1.12%) (98.58%)  (0.02%)

Ozone layer kg CFC- 1.06E-6 7.32E-10  4.02E-8 1.1E-6

depletion (ODP) 11 eq. (96.3%) (0.07%) (3.64%)
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Impact Characterization of Vidarasen WWT system
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Fig.4.5. Impact Characterization of Vidarasen WWT system.

AP: The total acidification impact values 0.0892 kg SO> equivalence, of which 98.54% is
accounted during the construction phase (Table: 4-6). Production of Filtralite-P (61.3%),
polystyrene foam (18.1%), PVC pipe (13.5%), polypropylene (2.85%) and fibre glass
components (2.73%) contributes to the impact (details shown in assembly layout diagram of
Vidarasen system to AP in Annex 7). Sulphur dioxides (SOx) have the highest contribution
followed by Nitrogen oxides (NOx) and Ammonia (NH3) to the impact (details shown in
specification per substance of Vidarasen system to AP in Annex 8). There is a minor

contribution of 1.51% to the impact during the sludge transport.

EP: The total eutrophication impact values 0.256 kg PO4™ eq. of which 98.04% is accounted
during the operation phase (Table 4-6). The emission of Total-Nitrogen (0.168 kg PO4~ eq.
i.e. 65.62% of total) and Total-Phosphorus (0.0827 kg PO4> eq. i.e. 32.3% of total) in
effluent water are the main contributors to the impact. The detail is presented in specification

per substance of Vidardsen system to EP in Annex 8.

GWP: The total global warming impact values 1.41E3 kg CO, eq. of which 98.58% is
accounted during the operation phase (Table 4-6). Methane gas (CH4,) emission has the
highest contribution of 1.39E3 kg CO; eq. (almost 100%). The detail is presented in
specification per substance of Vidarisen system to GWP in Annex 8. The emissions of

greenhouse gases resulting to GWP are during the sludge accumulation process in the septic
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tank, emissions from treatment units like pre-treatment filters, facultative pond and

constructed wetlands.

ODP: The total ozone layer depletion impact values 1.1E-6 kg CFC-11 eq. of which 96.36%
is accounted during the construction phase (Table 4-6). The operational phase has negligible
effect to the impact and sludge transport results 3.64% to the impact. Production process of
materials used in the treatment process has contributed to the ODP impact. Production of
Filtralite-P (expanded clay) results 82.6% and polystyrene foam results 10.9% to the impact
(detail shown in assembly layout diagram of Vidardsen system to ODP in Annex 7).
Emissions of substances (such as Methane bromotrifluro- Halon 1301, Methane
bromotrifluro- HCFC-22, Methane bromotrifluro- Halon 1211 etc.), are the main contributors
to the impact as presented in specification per substance of Vidardsen system to ODP in

Annex 8.

From the above discussions, it can be concluded that Sulphur oxides (SOx) is more
responsible than nitrogen oxides (NOx) and ammonia (NH3) to the AP and is resulted during
the production process of construction materials used in the treatment system. Likewise,
Total-N is the main contributing element for EP and methane gas (almost 100%) is the main
contributor to GWP during the operational phase. Greenhouse gas emissions from septic tank,
pre-treatment filters, facultative pond and constructed wetlands are the main treatment units
resulting to the GWP. Similarly, production process of construction materials during

construction phase is the key contributor to ODP.

Table 4-7 : Normalization of Impacts of Vidardsen WWT system

Impact category Construction  Operation Sludge Total
transportation
Acidification (AP) 1.31E-10 2.7E-14 2.01E-12 1.33E-10
Eutrophication (EP) 1.07E-11 4.99E-10 5.79E-13 5.1E-10
Global warming (GWP 6.26E-11 5.51E-9 1.02E-12 5.57E-9
100)
Ozone layer depletion 1.08E-12 7.47E-16 4.1E-14 1.13E-12
(ODP)
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Normalized impacts of Vidarasen WWT system
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Fig. 4.6 Normalization of impacts of Vidarasen WWT system.

The normalized value of all the impacts considered in the study for Vidarasen WWT system
is presented above in Table 4-7 and is represented in above bar chart Fig. 4.6. The values to
AP, EP, GWP and ODP are 1.33E-10, 5.1E-10, 5.57E-9 and 1.13E-12 respectively. As
mentioned earlier, these values are the normalized impacts resulted by the treatment system,
equivalent with the corresponding impacts of per capita per year. The normalized values
show that global warming contributed during operation phase is a significant impact followed

by eutrophication impact during operation phase.

4.4. Overall discussions of the systems:

The comparative impact analysis of the three treatment systems show that acidification (AP)
and Ozone layer depletion (ODP) are mainly resulted during the production process of
construction materials. Filter material (Filtralite-P) has the highest contribution among the
materials used in the treatment systems, though, the fact lies that Filtralite-P has been
regarded as a high-quality filter media for phosphorous removal (AdAm, et al., 2007).
Norwegian Filtralite-P has P adsorption capacity of 12 gm P / kg (Jenssen, 2005). Results
show that there is an effective control in Eutrophication impact (EP), but in other hand,
Filtralite-P is the main contributor to AP and ODP. The production process also have

significant contribution in GWP. Filtramar (shell-sand) has P adsorption capacity of 17 gm P
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/ kg (Roseth, R., 2000; Adam, et al., 2007). Therefore, a sensitivity analysis can be carried
out with alternative filter media like shell-sand or natural sand to analyse the environmental

impacts of the on-site treatment systems under study.

On the other hand, when we look at the results of eutrophication (EP) impact resulted by all
the treatment systems, presence of total nitrogen (Total-N) in the effluent is mainly
responsible to the impact. Total-P has very less contribution in comparison to Total-N.
Therefore, if removal of phosphorus content is the main requirement of the treatment system
in order to reduce eutrophication impact, than using Filtralite-P as filter media is one of the
best options because Filtralte-P saturated with phosphorus can be used as fertilizer in
agricultural purpose after it has been proven safe to use in agriculture land . In a country like
Norway, where removal of nutrients causing eutrophication of lakes, rivers and other
receiving water bodies is the key priority of wastewater treatment systems, effective and
sustainable control on this impact becomes the key necessity. As mentioned earlier, most of
the municipalities in Norway have a strict requirement of effluent discharge with P

concentration of 1 mg / litre (Jenssen, 2005).

Similarly, results show that Methane (CHs) gas is the main contributing greenhouse gas
emitted during the operational phase that has contributed to the Global Warming Impact
(GWP) in all the three systems (60.12% in Heyés farm, 45% in Kaja system and 98.8% in
Vidarasen system). The methane emission occurs from treatment units like septic tank,
facultative pond and constructed wetlands. Construction phase has also contributed to this
impact category like in case of Heyds farm system and Kaja system where carbon dioxide
(CO2) has contributed 21.5% and 42.9% respectively to the impact and is resulted by the
energy consumption during the production process of filter media, pre-fabricated fibre glass
components and other construction materials. Replacement of such products (such as
replacing the pre-fabricated fibreglass septic tank, phosphorus tanks with traditional
reinforced cement concrete units or replacing Filtralite-P with shell-sand or natural sand)

cannot be the effective solution unless we analyse the results from the replaced ones.

With regard to handling of the sludge, it is obvious that air emissions during lorry transport
have remarkable contribution to environmental impacts. So question arises what if the sludge
volume be reduced at the treatment sites so that the vehicular movements engaged in

transport of the sludge also get reduced. There could be options for mitigating such issues.
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Option 1:

Sludge drying reed-beds are successfully practiced over European countries like Denmark,
France and Belgium since long time before (Cooper, et al., 2004). Danish experience show
that anaerobically digested sludge containing 3-4% dry solids, achieved a total volume
reduction of about 90% with a final dry-solids concentration up to 40%, after the sludge was
been treated in a sludge drying reed- beds (Cooper, et al., 2004). Considering this study, if the
sludge generated is treated on-site in sludge drying beds, there would be a considerable
reduction in the sludge volume which would finally reduce the cost of sludge transport as

well as environmental impacts associated with the transport.
For example, let’s take the case of Vidarasen WWT system.
Sludge accumulation rate per capita per year is 69.16 liters (Brandes, 1978). Therefore,

Total sludge volume produced = 69.16 liters per year * 200 persons = 13832 liters per year =
13.832 m? per year. i.e. Total Volume (V) = 13.832 m*/yr

Taking % of dry solids = 4%

Then, volume of dry solid, V= 0.55328 m?/yr

Taking total volume reduction = 90%

Net volume after reduction, Vn = 1.3832 m?/yr

Multiplying this volume with the sludge density, 721 kg/m* we get,
Total mass of sludge, Ms = 1.3832 m*/yr * 721 kg/m® = 997.3 kg/yr

There is a reduction of 10% in total mass of the sludge to be transported. This would finally
reduce more likely in the same ratio the cost of transport as well as environmental impacts
associated with the effluent gases emitted during transportation of sludge. In addition, it
would also reduce the impacts related to emissions and energy consumption during the sludge
treatment process, considering that less quantity of dry sludge would consume less energy
resource than more quantity of wet sludge. Analysis should be done to find out the actual
reduction in the environmental impacts and the transport cost for the reduced volume. So on-
site sludge treatment with sludge drying reed-beds where there is sufficient area of land,

could be an option to reduce the environmental impacts associated with the transport of
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sludge, despite the fact that on-site treatment of sludge would also contribute to some
environmental impacts which is uncertain and needs expansion of the boundary condition of

the system under study.
Option 2:

Reduction of sludge volume with anaerobic digestion process within the treatment system
unit as in case of Vidardsen WWT system also could be the other option. The Enhanced
Faculative Pond (EFP) in Vidarasen system has a deep pit in the center of the pond which are
especially designed to avoid intrusion of oxygen (Oswald, 1990; Pandey, 2016). If the sludge
accumulated in the septic tank is fed in batches into the anaerobic deep pit of the pond with a
pipe directly connected from the septic tank bottom then anaerobic digestion of sludge occurs
in the pit (Pandey, 2016). This mechanism will reduce the volume of sludge generated for
disposal and hence reduce the disposal cost of sludge and its environmental impacts during
transport. According to (Oswald, 1990), there are some systems in operation for up to 20
years without sludge removal from the pit bottom. Therefore, this mechanism could also be
an option to reduce the vehicular movements for sludge transport and eventually reduce the
environmental burdens associated with the sludge transport. But possibly there could be
increase in environmental impacts associated with EFP if this option is practiced which is

uncertain without any analysis.
4.5. Comparative impact assessment of three systems under study

Results presented in Table 4-8 represented by Fig. 4.7 presents the comparative contribution
to impacts from the three systems. The comparative impact after normalization is presented in
Fig. 4.8. The Hoyas farm WWT system has highest contribution to AP, EP and ODP whereas
the Vidarasen WWT system has highest contribution to the GWP. The Kaja grey water
treatment system has the least contribution to all impact categories considered. Higher
contribution of Heyéds farm WWT system to AP, EP and ODP is mainly due to use of filter
media “Filtralite-P” and pre-fabricated fibre glass components. The GWP is higher in
Vidardsen WWT system because it has higher operational greenhouse gas emissions. This is
mainly because of the area of CW which is the main contributing unit to greenhouse gases in
Vidardsen WWT system. In addition, the pond systems are also contributing to the
greenhouse gases. In comparison to the other two systems, Vidardsen WWT system however
is a hybrid treatment system consisting of many treatment units occupying a large land area

(around 10m? per person). This shows that the scale of the system has significant influence on
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the impact categories. In addition, availability of land and the land value may constrain the

replication of Vidarasen system in urban settlements.

Table 4-8: Impact Characterization of three systems under study

Impact Category Unit Kaja  treatment Hoyas farm Vidarasen
system WWT system  WWT system
Acidification (AP) kgSO>eq. 0.184 0.402 0.0892
(45.77%) (100%) (22.19%)
Eutrophication Kg POs3 0.0798 0.869 0.256
(EP) eq. (9.18%) (100%) (29.46%)
Global warming kgCOzeq. 52.9 161 1.41E3
(GWP 100) (3.75%) (11.42%) (100%)
Ozone layer kg CFC-11 2.69E-6 (61.27%) 4.39E-6 1.1E-6
depletion (ODP) eq. (100%) (25.05%)
Impacts Characterization of three WWT systems
100 - B Kaja greywater treatment
90 - system
80 A
70 - B Hoyas farm WWT system
60 -
50 A
40 - m Vidarasen WWT system
30 A
20 -
10 -
0
o & o &
Q Q < <
~o°® ,00\ \(°$ \OQ
,5\.\ ,5\—\ . QQO '\OQ
&Y < & &
O R &8 R
¥ & D &
< N ©
o ¢
&
¥

Fig.4.7. Impact Characterization of three systems under study
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Table 4-9: Normalization of impacts of three systems under study

Impact Category Kaja treatment Heyéas farm Vidarisen
system WWT system WWT system
Acidification (AP) 2.74E-10 5.99E-10 1.33E-10
Eutrophication (EP) 1.59E-10 1.73E-9 5.1E-10
Global warming (GWP 100) 2.09E-10 6.37E-10 5.57E-9
Ozone layer depletion (ODP) 2.74E-12 4.48E-12 1.13E-12

6.00E-09 ~
5.00E-09 ~
4.00E-09 ~
3.00E-09 ~
2.00E-09 -~
1.00E-09 -

0.00E+00 T T T f

Normalized Impacts of three WWT systems

M Kaja grey water treatment
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B Hgyas farm WWT system

M Vidardasen WWT system

Fig.4.8 Normalization of Impacts of three systems under study.

In conclusion, comparing the three systems, Kaja grey water treatment system could be the
best option. Kaja grey water treatment system occupies very less area (2-3 m? surface area
per person) with less numbers of treatment units (a septic tank, a bio-filter unit and a
horizontal flow constructed wetland) and considers treatment of grey water from 48 persons.
Since this system is based on source separation technique, black water is collected separately

in separate tank and is trucked out once a month. The treatment performance is considered
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highly successful (Jenssen, et al., 2003). Another successful example of source separation
system is the wastewater treatment system at Klosterenga, Oslo (33 apartments connected
with 100 nos. of persons) and Torvetua (42 condominiums connected with 140 persons)
having the very similar treatment performance with Kaja treatment system (Jenssen, et al.,
2003). Results (Table: 4-8) of EP and GWP show that the environmental impacts from Kaja
system is also minimal compared to other two systems under study. However, if the system
boundary in the Kaja treatment system is expanded to include the vaccum toilet system and
additional plumbing elements required to separate the black water and the grey water then the
environmental impacts associated with these scenario could be different and possibly higher

than the current boundary scenario.

Without valuation or weighing of environmental impacts, analysing the results with different
alternative material replacement scenario and with the expansion of system boundary to
include the vaccum toilets and plumbing elements, it would be difficult to predict that this

system is better than the other treatment systems.
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5.0 CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

This study compares the environmental performance of three small-scale wastewater
treatment systems using the tool Life Cycle Analysis. The systems considered for this study
are: A compact filter bed system consisting of bio-filter followed by two parallel beds
consisting of Filtralite-P and Filtramar and sand filter as a final polishing unit (Heyas farm
WWT system); a compact filter bed system treating grey water and consisting of bio-filter
followed by horizontal flow bed with Filtralite-P (Kaja system) and a combination of

wetland, pond system (Vidarasen system).

The results show that the construction phase has significant contribution to acidification
potential (AP) and ozone layer depletion (ODP) in all of the treatment systems under study.
Production process of filter media, Filtralite-P (expanded clay), pre-fabricated fibre glass
components, PVC pipe and polystyrene foam that are used in the treatment systems are the
main contributing factor to these environmental burdens. In natural systems, like the ones
considered for this study, there are opportunities to modify the systems using alternative
media. For instance, Filtralite-P with Filtramar (shell-sand). But it would rather be uncertain
and unjustified without any further analysis, to consider that the alternatives would give

better environmental performance.

Eutrophication potential (EP) and Global Warming Potential (GWP) are contributed during
the operational phase in every systems under study. Total-Nitrogen is the primary contributor
to eutrophication potential in all the treatment systems under study. Total- P has very less
contribution as comparison to Total-N. In the Norwegian context, where removal of nutrients
(mainly phosphorus and nitrogen) causing eutrophication of effluent receiving water bodies is
the key priority of wastewater treatment systems, effective and sustainable control on this
impact becomes a key issue. Therefore, reduction and control in EP could be an achievement.
The normalized value of EP is very less in all the systems. Hence, we can also conclude that

Filtralite-P has very effective phosphorus adsorption capacity.

Similarly, results show that Methane (CH4) gas is the main contributing greenhouse gas that
has contributed to the Global Warming potential (GWP) in all the three systems and this
methane emission is mainly occurred from septic tank and emissions from treatment units.

Carbon dioxide has also significant contributions to GWP and originates from the
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construction phase during production process of pre-fabricated fibre glass components as

well as the Filtralite-P as mentioned above.

While comparing the three different treatment systems, source separation (Kaja grey water
treatment) system has the best results. Treating the grey water separately result in less
environmental burdens and does not require sophisticated treatment units and large area.

2

Kaja grey water treatment system requires only 2-3 m-~ surface area per person whereas

Vidarasen WWT system requires almost 10 m?

surface area per person. However, the
environmental burdens from treatment of black water generated from the students at Kaja are
not calculated. A separate analysis has to be carried out to identify the environmental burdens

associated with black water treatment.

Another important finding from comparing the three systems is, it is more reliable and
environment friendly to treat wastewater from a group of houses or clusters in a single on-site
treatment system rather than building small treatment systems for a single household like in

case of Hoyas farm WWT system.

In addition, the environmental burdens as well as costs associated with the sludge disposal
can be reduced if the sludge volume is reduced within the treatment site as in the Vidarasen

WWT system.

5.2. Recommendations:
Following recommendation are made from the LCA study:

1. Carry out LCA analysis replacing Filtralite-P (expanded clay) with alternative
filter media “Filtramar” (shell-sand) in the on-site wastewater treatment systems
in this study.

2. Perform a LCA study for environmental impacts associated with a centralized
wastewater treatment system and compare the results with the decentralized

wastewater treatment system.
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ANNEX 2 : Water emissions and sludge quantity from wastewater treatment systems under study.

Table: 1
Percentage of P, N, BODS, COD a person produces per day (Yri, et al., 2007) conversion

IParameters The amount produced g/pe.d kg/p.e./yeai]
[Total-P 1.6 0.58241
[Total-N 12 4.368
IBODS5 40 14.56]
BOD7 46 16.7444
COD 94 34.216]
Table: 2

Water effluent in Hoyas farm treatment system referring Table 4 of Annex 1 and Table 1 of Annex 2

Parameters % removal by system Emissions from 1 person (kg /p.e./yr)
Total - P 96.54 0.02015104
Total - N| 57.58 1.8529056
BOD 5 94.494 0.8016736
Table: 3

Sludge accumulation in the septic tank o

f Hoyas farm wastewater treatment system

Reference

Sludge accumulation rate in wastewater =

69.16 litres / person / year

0.06916 m3 /p.e./year

(Brandes, 1978)

http://www.aqua-calc.com/page/density-

Density of sludge =|721 kg / m3 table/substance/sewage-coma-and-blank-
Therefore, Mass of sludge ={0.06916 * 721 sludge
1.e.[49.87 kg /p.e./ year.
Mass of sludge generated =]0.05 tons/p.e./year
Table: 4
Grey water compositions in Kaja system measured in STE (Jenssen, et al., 2003; Jenssen, 2002).
Parameters Concentration Mass Reference
in mg/L in g/pe and year in kg/p.e./year
[Total - P 0.97 56) 0.056, (Jenssen, et al.,
[Total - N 8.2 470 0.47 2003)
BOD 87 3642 3.642| (Jenssen, 2005)
Table: 5

Water effluent from Kaja grey water treatment system referring Table 1 of Annex 1 and Table 4 of Annex 2

Parameters % removal by system Emissions from 1 person (kg /p.e./yr)
Total - P 94 0.00336
Total - N| 70 0.141
BOD 94 0.21852
Table: 6

Sludge accumulation in the septic tank of Kaja greywater treatment system

Reference

Sludge accumulation rate in grey water =

8.3 litres / person / year

(Brandes, 1978)

8.3E-3 m3 /p.e./year

http://www.aqua-calc.com/page/density-

Density of sludge =|721 kg / m3 table/substance/sewage-coma-and-blank-
Therefore, Mass of sludge ={8.3E-3 * 721 sludge
i.e.[5.98 kg /p.e./ year.
Mass of sludg%enerated =|5.98 E-3 tons/p.e./ year
Table: 7
Water effluent from Vidarasen WWT system referring Table 11 of Annex 1 and Table 1 of Annex 2.
Parameters % removal by system Emissions from 1 person (kg / p.e./ yr)
Total - P 95.375 0.026936
Total - N| 91.055 0.3907176
BOD 99 0.1456
Table: 8

Sludge accumulation in the septic tank of Vidarasen wastewater treatment system

Reference

Sludge accumulation rate in wastewater =

69.16 litres / person / year

(Brandes, 1978)

69.16E-3 m3 /p.e./year

http://www.aqua-calc.com/page/density-

Density of sludge =|721 kg / m3 table/substance/sewage-coma-and-blank-
Therefore, Mass of sludge ={69.16E-3 * 721 sludge
i.e.[49.86 kg /p.e./ year.

Mass of sludgﬁenerated =

0.05 tons per person per year







(puepom pajonnsuo) = A\ pue puod dA1L[NOR,] pasueyuy = JJ7 1
Juownjeon Arewtid = J[d ‘BOIE 00BJINS = "B'S ‘PUE[IOM MO[J IOBLINS NS [EOIIOA = A\ JSSA ‘PUEB[IOM MO[J 9OBLINS QNS [LJUOZLIOY = A\ JSSH ‘010YM)

8L1900°0 89°69 €709 1eA/°d/BY il
TWO0l = "B'S UM MASSH  [8LTS000°0 0 <00 Teak/o°d/BY T PUE[OA pajonnsuo))|,
TW 06 =TS YIM MASSH  [20SL¥0000 (1270 200 160K/ o°d/BY [ PUE[JOA PAJONIISUO)[9
TwOg01 = "e's 1eak/a°d/BY € % ¢'1 spuod uonezijiqeisfs
TWw 9¢ = B’ CS1+££000°0  69°SS SE'9¢ 163K/ d/BY PUO dANB[NIE] PAOUBYUF[
TW Q01 = "&'S YUM MASSA  [9596100°0 S6°0 100 Teak/ " d /By T 1)y Juounean-aid|e
TW 00T = "B'S YA MASSH  [9SS0100°0 LY'0 r0°0 Te0k/0°d /By [ 10)]1j JudWIEAN-O1 [T
28100°0 [ 700t 1834/9°d /5 Jue) SuImes|t
OIN 200 YHO
sl
SYIBWY VT HOISSIUT nun syun wasAg| ‘N'S
*€ XoUUY JO € %9 T [IIq¥.L SULLIDJIL WIISAS | ALAN UISBIEPIA JO T D ¥ T AL “dld ‘T ALd ‘T ALd “LS WOy SUOISSIud a1y
9 dIqe L
(BB 90BJINS = "B’'S ‘PUBIOM MO[J 9BJINS (NS [BIUOZLIOY = M JSSH dIoym)
65989£7000°0 66£06£2000°0 198610000 TedA/a d/5y (OTN) dpIX0 SnONIN|g
1eak/o°d/BY (20D) oprxooip uogie)|z
L16L76T610'1 L16L67810°0 100 160A/0°d/BY (YHD) dueyd |1
(g yuey ondog
[e10L 001 = ®'S) MISSH yun SUOISSIWR sasen)| "N'S
$IIUN WA)SAS W] A)B1 UOISSIWE
€ XoUUuy Jo 7 % | 9[qB ], SULLI3JA.I UII)ISAS JUIUNEBIL) J13)eM A13 ele] JO pue[jom pajonajsuod pue yue) dndas wio.ay SUOISSIW ATy
S dIqeL
781000 1834/ 9°d/oY (OZN) dprxo snoniNfe
cizrel 12k 0°d/BY (00) aprxooip uoqrefe
00"t 1204/2°d/BY (YHD) dueydnf [
Sue)y ondas woiy Aer uoISSIWH nun SUOISSIW saseny NS
€ XoUuUYy JO 7 J[qB ], SULLIdJAI WIISAS [ A\ AN WIE) SEAOH Jo yue) dnpdas woay Suoissiud ary
I
S00T “[& 1 "HONIS 15°0 Aep / zur /5w (OZN) 9p1x0 snoniN|fg
¥10T "8 19 ‘enSerue-zopuetio 0°s8 Aep /zw /3 (20D) aprxoo1p uogie)|z
098 Aep / gui/ 3 (YHD) dueyo |1
NN el uoIssiyg nupn SUOISSTW SASBO)| NS
AmocN r—N 1 n—.—UZ—m mQ:uN »._N P 1 d’ P -n-v Ewam%m —:-cn Je.njeN uwo.y suoIssiud sed ASNOY URIH
€ IqCL
500°0 Aep juosiad /3 (OZN) dprxo snoniN|¢
e c¢ Aep juosiad /3 (Z0OD) apixo01p uoqiedfz
11 Aep Juosiod / 3 (YHD) oueylo ][
Sjue) ondog ur djer uoIssIuy nun SUOISSIWD sasen)| NG|
(1102 “1¥ 39 ‘eudnqeA-zei(q) Yue) dndog wi0.1j SUOISSIUII SE3 ISNOY UIAID)
Z e,
(Pue)IOM MO[J 90BLINS QNS [BONIA = M SSA ‘PUB[IOM MO[J JOBLINS NS [BIUOZLIOY = M JSSH ‘DIoym)
ot 6 Aep / gw / 3or (0N 2prxo snoniNle
0TS 10€1 Aep / zui/ w (20D) oprxo0Ip uogIed|z
Ll S'96 Aep / gwi/ Sw (YHD) dueyd |1
MASSA MASSH . o
pue[om pajonIsuod Ul djel UOISSIug nin SUOISSIG S95ED) N'S
(110Z “1% 39 ‘Syan f) SPUB[IIM PIJINIISUOI W01} SUOISSIWD SES ISNOY UL
1 dIqeL

"AANLS YHANN SWHALSAS INFINLVIIL YALVAMALSVA INOUA SNOISSTINA A1V € XANNY




ANNEX 4: SUMMARY OF CONSTRUCTION MATERIALS, EMISSIONS, SLUDGE & ENERGY.

Summary of construction materials and emissions during operation phase.

S.N. Phases Unit Kaja Vidarisen Heoyas farm Remarks
1 |Construction Data's for Kaja
Sand kg /p.e./yr 29.2 80.33 280.28| system from Table 4
Gravel (fine) kg /p.e./yr 13.24 87 238.15 of Annex 5.
Gravel (coarse) kg /p.e./yr 18.92
Filtralite- P (HC 2.5 - Smm)  |kg /p.e./yr 63 59.13| Data's for Vidarasen
Filtralite- P (HC 0.5 - 4mm)  |kg /p.e./yr 23.75 12.5[ system from Table 6
Filtramar (shell sand) kg /p.e./yr 22 of Annex 5.
Styrofoam kg /p.e./yr 2.06 1.25
PVC film Imm kg /p.e./yr 0.05 0.03
Fibre glass kg /p.e./yr 0.51 0.16 8.28  Data's for Hoyas
Geo-membrane 0.75mm kg /p.e./yr 0.52 0.64[ farm system from
PVC pipe (Ib) Ib/p.e./yr 1.16 1.81 15.73] Table 2 of Annex 5.
2.0]Operation Phase
2.1|Emissions in water
Total - Plkg /p.e./yr 0.00336 0.026936]  0.02015104| reference: Table 2, 5
Total - N|kg /p.e./yr 0.141 0.3907176 1.8529056| & 7 of Annex 2.
BOD 5lkg /p.e./yr 0.21852 0.1456 0.8016736
2.2|Air emissions
Methane (CH4) kg /p.e./yr 1.02 60.43 4.004
Carbon dioxide (CO2) kg /p.e./yr 69.68 12.1212] reference: Table 4, 5
Nitrous oxide (N20) kg /p.e./yr 0.00044 0.00618 0.00182f & 6 of Annex 3.
23 Se';:‘ifet:;lc{“m“'a“"“ " lons/pedyr|  5.98E-03 0.05 0.05 reijirgngfe;ﬁ;lf >0
Sludge transportation toa  [tons
|dista%1ce of 28 kilometers km/p.e./yr 1.20E-01 ! !
3.0|[Energy consumption kWh / yr 144.83 434.48 144.83
Energy consumption kWh/p.e./yr | 3.017291667 2.1724 18.10375

(Energy consumption during pumping of wastewater = 0.397875 kWh / day (Mironga, 2014).
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ANNEX 6:

Cross sections of treatment units, product specification of Filtralite filter media,
individual summary of construction materials used at Hoyas farm WWT system, Kaja
grey water treatment system and Vidarasen WWT system.
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Fig. (i) Cross-section of WWT system in Hoyas farm (source: Al Nabelsi, et al., 2013).
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Fig. (ii) Cross section of Septic Tank (source: Al Nabelsi, et al., 2013).
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CROSS SECTION OF BIO-FILTER

Fig. (iii) Cross section of Bio-filter of Hoyas farm (source: Al Nabelsi, et al., 2013).

CROSS SECTION OF SAND FILTER

Fig. (iv) Cross section of Sand Filter of Hoyas farm (source: Al Nabelsi, et al., 2013).



Styrofoam 5 cm

thickness
Geo-

membrane
H=1m < or PVC
film

sand filling in base

Fig. (v) Cross section of constructed wetland

Table (i) Summary of construction materials used at Hoyas farm WWT system,

S.N. Items Unit System units Total
ST PC BF PF SF

1. Sand kg/p.e./yr 280.28 280.28

2. Gravel kg/p.e/yr | 66.38 | 79.57 65.58 | 26.60 238.15

3. Filtralite-P  (2.5- | kg/p.e./yr 59.13 59.13
Smm)

4. Filtralite-P  (0.5- | kg/p.e./yr 12.50 12.50
4mm)

5. Filtrammer kg/p.e./yr 22.00 22.00

6. Fibre glass kg/p.e./yr 2.37 1.31 1.97 | 2.62 8.28

7. PVC pipe Ib/p.e./yr 1.7 2.2 3.38 8.45 15.73

8. Geo-membrane kg/p.e./yr 0.21 0.225 0.081 0.25 0.76

9. PVC film kg/p.e./yr 0.015 0.015

(where, ST = septic tank, PC = pumping chamber, BF = bio-filter, PF = phosphorous
filter and SF = sand filter).



Table (i1): Summary of materials used for construction of Kaja grey water treatment system:

S.N. Items Unit System units Total
ST BF CW
1. Sand kg/p.e./yr 29.20 29.20
2. Gravel kg/p.e./yr 13.24 13.24
3. Filtralite-P (2.5-5mm) kg/p.e./yr 28.00 35.00 63.00
4. Fibre glass kg/p.e./yr 0.4 0.11 0.51
5. PVC film kg/p.e./yr 0.0062 | 0.0115 0.024 0.04
6. Styrofoam kg/p.e./yr 2.06 2.06
7. PVC pipe Ib/p.e./yr 0.82 0.34 1.16

(where, ST = septic tank, BF = bio-filter and CW = constructed wetland).

Table (ii1): Summary of materials used for construction of Vidarasen WWT system:

S.N Items Unit System units Total
ST PTF1 | PTF2 [ EFP [ SP123 [ CW1 | CW2

1. Sand kg/p.e./yr 30.03 | 25.03 15.77 4.5 5.0 80.33

2. Gravel (fine) kg/p.e./yr 3.78 11.4 5.7 66.12 87.00

3. Gravel kg/p.e./yr 12.61 | 6.31 18.92
(coarse)

4. Filtralite ke/p.e./yr 11.25 | 125 23.75
P(0.5-4mm)

5. Glass fibre kg/p.e./yr 0.16 0.16

6. Geo- kg/p.e./yr 0.009 0.047 0.026 0.081 0.16 0.041 0.045 0.41
membrane

7. Styrofoam kg/p.e./yr 0.6 0.65 1.25

8. PVC pipe Ib/p.e./yr 0.203 0.236 | 0.17 0.473 | 0.406 0.257 | 0.068 1.81

(where, ST = septic tank, PTF 1 = pre-treatment filter 1, PTF 2 = pre-treatment filter 2, EFP =
enhanced facultative pond, SP 1,2,3 = stabilization ponds 1,2 and 3, CW1 = constructed wetland 1
and CW2 = constructed wetland 2).

Calculation of greenhouse gases methane (CH4) and nitrous oxide (N,O) emission ratio

from septic tank and constructed wetland of Kaja grey water treatment system:

BOD concentration at septic tank effluent of Kaja grey water treatment system = 87 mg / L
(i.e. 87 g/m3 ) (Jenssen, 2005.) with average daily grey water production of 115 liters per
student. So total grey water flow is 5.52 m*/day (i.e. 115 liters * 48 students per day = 5520
litres day = 5.52 m*/day). Therefore, mass of BOD in Kaja system = 87 g/m® * 5.52 m*/day =

4



480.24 g/day. Converting this value to person equivalent = (480.24 g/day) / 48 persons = 10
g/ p.e. /day.

BOD produced by 1 person per day measured at septic tank effluent considering both black
water and grey water is 40 g/p.e./day (Yri et al., 2007). Therefore, the ratio of BOD content
in grey water and BOD content in wastewater = 10 / 40 =1/4. So the Ratio is 1:4

Similarly, same procedure has been adopted for N,O emission at Kaya grey water system.
Total-N produced in Kaja grey water treatment system = 470 g / p.e. / year (Jenssen, and
Vrale, 2003). This value equals to 1.3 g / p.e. / day (i.e. 470/364 = 1.3). As mentioned by
(Yri et al., 2007), Total-N produced by 1 person per day measured at septic tank effluent
considering both black and grey water is 12 g / p.e. / day (Yri et al., 2007), as mentioned in
Annex 8. Therefore, the ratio of Total-N in grey water and Total-N in wastewater is = 1.3 / 12

=1/9.2. So the Ratio is 1:9.2
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SAINT-GOBAIN

FILTRALITE® P 0-4

Product description

PRODUCT

Filtralite® is high quality filter media, manufactured from a unique expanded clay material.

ADVANTAGES

Filtralite® media, with its highly porous structure, enables improved filter efficiency by reduced backwash frequency and
improved water velocity. Filtralite® media generate substantial savings by both improved filter capacity, and reduced
operational costs.

EXPLANATIONS

N = Normal density, M = Medium density, H = High density, C = Crushed, R = Round

Product specification

Commercial name FILTRALITE® P 0-4

Density Bulk density, loose : 500 kg/m3

Type of material Expanded clay

Appearance Porous surface with white particles

Manufactured by Leca Raelingen (Saint-Gobain Group), Norway

Version 8

Size and weight Value Deviation Comments

Particle size range 0-4 mm >4 mm max. 10 % EN 12905

Bulk density, dry, loose 500 kg/m’ +75 kg/m’ EN 1097-3

Other properties Value Comments

Voids ~ 60 % EN 1097-3, approximate value

pH ~12 Leca norm

Alkalinity ~ 35 mekv/I NS 4754, approximate value

Hydraulic conductivity Approximate value

K 100 m/d 9 °C, clean water

K dim 25 m/d 9 °C, filter media with wetland plants, pre-treatment in
septic tank and aerobic biofilter or equivalent system

The sewage water has to be pre-treated in septic tank and aerobic biofilter (or equivalent system) before the Filtralite P filter
bed. Recommended loading of pre-filtrated municipal wastewater: 7-10 m? Filtralite P / p.e, (p.e. = 0,6 kg P /year). The
material will leak some lime during the start-up period. (All values are based on the assumption of using the filter material in
a saturated reed bed / constructed wetlands with long retention time and exposed to typical municipal wastewater.) We
strongly recommend use of consultants or system suppliers for dimensioning and design of wetland systems. This material
shall not be pumped.
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FILTRALITE® P 0-4

The information provided in this data sheet is based on our current knowledge and experience. All the above information
must be considered as guidelines. It is the user’s responsibility to ensure that the product is suitable for the intended use

and perform self-monitoring. The user is responsible if the product is used for purposes other than those recommended,
or improper execution. We are available for consultation in the use of our products.

Saint-Gobain Byggevarer as
Brobekkveien 84

Postboks 216 Alnabru

0614 Oslo

Phone: +47 22 88 77 00 nnl |i|| I'
www.filtralite.com
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SAINT-GOBAIN

FILTRALITE® P 0,5-4

Product description

PRODUCT

Filtralite® is high quality filter media, manufactured from a unique expanded clay material.

ADVANTAGES

Filtralite® media, with its highly porous structure, enables improved filter efficiency by reduced backwash frequency and
improved water velocity. Filtralite® media generate substantial savings by both improved filter capacity, and reduced
operational costs.

EXPLANATIONS

N = Normal density, M = Medium density, H = High density, C = Crushed, R = Round

Product specification

Commercial name FILTRALITE® P 0,5-4

Density Bulk density, loose : 370 kg/m3

Type of material Expanded clay

Appearance Porous surface with white particles

Manufactured by Leca Raelingen (Saint-Gobain Group), Norway

Version 7

Size and weight Value Deviation Comments

Particle size range 0,5-4 mm >4 mm max. 10 % EN 12905
< 0,5 mm max. 10 %

Bulk density, dry, loose 370 kg/m’ +75 kg/m’ EN 1097-3

Particle density, apparent 850 kg/m’ +200 kg/m’ EN 1097-6: Annex E

Other properties Value Comments

Voids ~ 60 % EN 1097-3, approximate value

pH ~12 Leca norm

Alkalinity ~ 35 mekv/I NS 4754, approximate value

The sewage water has to be pre-treated in septic tank and aerobic biofilter (or equivalent system) before the Filtralite P filter
bed. Recommended loading of pre-filtrated municipal wastewater: 7-10 m? Filtralite P / p.e, (p.e. = 0,6 kg P /year). The
material will leak some lime during the start-up period. (All values are based on the assumption of using the filter material in
a saturated reed bed / constructed wetlands with long retention time and exposed to typical municipal wastewater.) We
strongly recommend use of consultants or system suppliers for dimensioning and design of wetland systems. This material
shall not be pumped.
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The information provided in this data sheet is based on our current knowledge and experience. All the above information
must be considered as guidelines. It is the user’s responsibility to ensure that the product is suitable for the intended use
and perform self-monitoring. The user is responsible if the product is used for purposes other than those recommended,
or improper execution. We are available for consultation in the use of our products.

Saint-Gobain Byggevarer as
Brobekkveien 84
Postboks 216 Alnabru

0614 Oslo
Phone: +47 22 88 77 00

www.filtralite.com SAl NT— G O BA' N



ANNEX 7:

Assembly layout diagrams of AP, EP, GWP & ODP of WWT systems
under study.



SimaPro 8.0.3.14 Network Date: 27/10/2016 Time: 13:30:11
Project: Wastewater treatment Norge_2

Product: Hoyds farm WWT system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Selected indicator: Characterisation, Acidification (kg SO2 eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: Yes

Node cut-off: 0.49%

Flow cut-off: 0%
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SimaPro 8.0.3.14

Project: Wastewater treatment Norge_2

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions:

Node cut-off:
Flow cut-off:

Hoyds farm WWT system
Wastewater treatment Norge_2

Assembly\Others

CML 2 baseline 2000 V2.05 / the Netherlands, 1997
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SimaPro 8.0.3.14 Network
Project: Wastewater treatment Norge_2

Product: Hoyds farm WWT system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Selected indicator: Characterisation, Global warming (GWP100) (kg CO2 eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: Yes

Node cut-off: 0.16%

Flow cut-off: 0%

Date: 27/10/2016 Time: 13:26:33
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SimaPro 8.0.3.14 Network Date: 27/10/2016 Time: 13:24:06
Project: Wastewater treatment Norge_2

Product: Hoyds farm WWT system
Project: Wastewater treatment Norge_2
Category: Assembly\Others
Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Selected indicator: Characterisation, Ozone layer depletion (ODP) (kg CFC-11 eq)
Indicator mode: Cumulated indicator
Exclude long-term emissions: Yes
Node cut-off: 1.9%
Flow cut-off: 0%
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SimaPro 8.0.3.14

Project: Wastewater treatment Norge_2

Product:

Project:

Category:

Method:

Selected indicator:

Indicator mode:

Exclude long-term emissions:
Node cut-off:

Flow cut-off:

Network

Kaya greywater treatment system
Wastewater treatment Norge_2

Assembly\Others
CML 2 baseline 2000 V2.05 / the Netherlands, 1997

Characterisation, Acidification (kg SO2 eq)

Cumulated indicator
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SimaPro 8.0.3.14 Network Date: 27/10/2016 Time: 13:48:25
Project: Wastewater treatment Norge_2

Product: Kaya greywater treatment system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Selected indicator: Characterisation, Eutrophication (kg PO4--- eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: Yes

Node cut-off: 0.5%

Flow cut-off: 0%
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SimaPro 8.0.3.14 Network
Project: Wastewater treatment Norge_2

Product: Kaya greywater treatment system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997

Selected indicator:
Indicator mode:
Exclude long-term emissions: Yes
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SimaPro 8.0.3.14
Project: Wastewater treatment Norge_2

Product:
Project:

Category:

Method:

Selected indicator:

Indicator mode:

Node cut-off:
Flow cut-off:

Kaya greywater treatment system
Wastewater treatment Norge_2

Assembly\Others

Network

CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Characterisation, Ozone layer depletion (ODP) (kg CFC-11 eq)
Cumulated indicator
Exclude long-term emissions: Yes
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SimaPro 8.0.3.14 Network Date: 27/10/2016 Time: 14:27:29
Project: Wastewater treatment Norge_2

Product: Vidargsen WWT system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Selected indicator: Characterisation, Acidification (kg SO2 eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: Yes

Node cut-off: 0.73%

Flow cut-off: 0%

1p

Vidargsen WWT
100%

1p 1p ]
Construction Transportation
1.51% L
1.09 kg ] 0.16 kg M 0.41 kg M 0.821 kg 1 tkm
polystyrene foam glass fibre, at polypropylene, PVC pipe E transport, lorry
18.1% | ] 2.73% L 2.85% I 13.5% 1.51% L
I
1nek
[ I _
1.18 MJ 1.2 tkm 1.09 kg 1.13 kg
diesel, burned in heat, heavy fuel transport, lorry foaming, polystyrene,
0.899% L 57.2% 0.8% a 4.32% U 13.8%
| ‘ i |
77.4M) 126 m 8.2M) 2.96 MJ
heavy fuel oil, operation, lorry electricity, medium heavy fuel oil,
57.2% 0.8% _ 6.22% sl 1.9% N
[
1.98 kg 8.38 MJ
heavy fuel oil, at electricity, high
11.4% m 6.24% .
 —
2.01kg 8.48 M)
heavy fuel oil, at electricity,
1% =) 6.24% .
0.396 kg 0.545 kg 111M 0.9 M) 0.969 MJ 0.471 M)
crude oil, crude oil, heavy fuel oil, electricity, electricity, electricity,
6.66% - 1.74% _ 1.44% _ 1.33% U 0.869% _ 0.972% L
_ \ ‘ _
0.396 kg 13.5 tkm 0.222 M)
crude oil, at transport, electricity, hard
6.53% - 1.99% _ 0.788% L
0.904 MJ 13.5 tkm 0.617 MJ
natural gas, sour, operation, hard coal, burned
6.08% -l 1.99% . 0.788%
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SimaPro 8.0.3.14

Project: Wastewater treatment Norge_2

Product:
Project:
Category:
Method:

Selected indicator:

Indicator mode:

Node cut-off:
Flow cut-off:

Vidargsen WWT system

Wastewater treatment Norge_2
Assembly\Others
CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Characterisation, Eutrophication (kg PO4--- eq)

Cumulated indicator
Exclude long-term emissions: Yes
0.08%

0%

ip

Vidargsen WWT
100%

Network

Date: 27/10/2016 Time: 14:26:20

[—

1p ip 1p [
Construction Operation Transportation
2.09% _ 97.8% 0.113% L]
23.8 kg 1.09 kg 0.16 kg 0.41 kg 0.821 kg 1 tkm
expanded clay, at polystyrene foam glass fibre, at polypropylene, PVC pipe E transport,. lorry
1.02% 0.517% _ 0.086% 0.0928% 0.38% 0.113% L]

]

]

73.4M) 0.0114 kg 1.09 kg 1.13 kg
heat, heavy fuel packaging film, foaming, polystyrene,
0.784% _| 0.00341% 0.124% 0.393% _
| ‘ ‘
77.4 M) 0.0117 kg 8.2 MJ
heavy fuel oil, extrusion, plastic electricity, medium
0.784% _| 0.00103% 0.254%
1.98 kg 1.14E-5 kg 8.38 MJ
heavy fuel oil, at solid bleached electricity, high
0.391% | 6.95E-6% | 0.254%
2.01 kg 1.71E-6 MJ 8.48 MJ
heavy fuel oil, at lignite briquettes, electricity,
0.376% _| 7.24E-8% 0.255%
0.396 kg 0.436 kg
crude oil, lignite, at
0.249% | 0.126% |
0.396 kg 4.85 kg
crude oil, at disposal, spoil from
0.244% | 0.125% |

Page: 1



SimaPro 8.0.3.14

Project: Wastewater treatment Norge_2

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Vidargsen WWT system

Network

Wastewater treatment Norge_2

Assembly\Others

CML 2 baseline 2000 V2.05 / the Netherlands, 1997
Characterisation, Global warming (GWP100) (kg CO2 eq)

Cumulated indicator

Exclude long-term emissions: Yes

Date: 27/10/2016 Time: 14:25:20

Node cut-off: 0.03%
Flow cut-off: 0%
ip
Vidargsen WWT
100%
1p B 1p
Construction Operation
1.12% L 98.9%
23.8 kg 1.09 kg 0.41 kg 0.821 kg
expanded clay, at polystyrene foam polypropylene, PVC pipe E
0.532% 0.32% 0.057% 0.185%
73.4 M 1.09 kg 1.13 kg
heat, heavy fuel oil, foaming, polystyrene,
0.482% 0.0529% 0.267%
77.4 M) 8.2 MJ
heavy fuel oil, electricity, medium
0.483% 0.0843%
1.98 kg 8.38 MJ
heavy fuel oil, at electricity, high
0.0511% 0.0843%
2.01 kg 8.48 MJ
heavy fuel oil, at electricity,
0.0486% L 0.0841% L

Page: 1



SimaPro 8.0.3.14 Network Date: 27/10/2016 Time: 14:23:42
Project: Wastewater treatment Norge_2

Product: Vidargsen WWT system

Project: Wastewater treatment Norge_2

Category: Assembly\Others

Method: CML 2 baseline 2000 V2.05 / the Netherlands, 1997

Selected indicator: Characterisation, Ozone layer depletion (ODP) (kg CFC-11 eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: Yes

Node cut-off: 2.5%

Flow cut-off: 0%

ip

Vidargsen WWT

1p 1p ]
Construction Transportation
96.3% 3.64% .
23.8kg 1.09kg [ | 0.16kg [ | 1tkm
expanded dlay, at] polystyrene foam glass fibre, at transport, lorry
82.6% 10.9% | 2.79% J 3.64% |
L ]
[ — —
118 M) 73.4M) 1.09 kg 1.13 kg 2.57 M)
diesel, burned in heat, heavy fuel foaming, polystyrene, natural gas,
1.17% L] 78% 6.81% e 4.07% L 1.94% L
H L ‘ ‘ [
0.0438 kg 77.4M1 8.2M) 2.96 M1 2,97 MJ
diesel, at regional heavy fuel oil, electricity, heavy fuel oil, natural gas, high
1.8% L 78% 4.7% _ 4.81% L 2.21% L
0.0656 kg 1.98 kg 8.38 MJ 0.0734 kg 0.0821 m3
diesel, at heavy fuel oil, at electricity, high heavy fuel oil, at natural gas, at
2.68% U 79% 4.72% o 4.83% e 1.92% L
0.396 kg 2.01 kg 8.48 MJ 0.0739 kg 0.0543 m3
crude oil, heavy fuel oil, at electricity, heavy fuel oil, at natural gas,
25.3% 78.9% 4.72% - 4.81% = 2.76% J
! —
=5 i
‘ ]
[T | f f 1
0.396 kg 0.545 kg 0.233 kg 0.0734 kg 3.23M) 0.0852 kg 0.0502 kg 0.261 tkm
crude oil, at crude oil, crude oil, crude oil, refinery gas, naphtha, at crude oil, transport, natural
25.3% 35% 14.9% | | 4.67% [ 2.55% L 3.3% | 3.22% [ 2.76% J
[
0.577 kg 0.283 kg 0.107 kg 0.0643 kg 0.0852 kg
crude oil, at crude oil, at crude oil, at refinery gas, at naphtha, at
36.7% 18.1% | 6.79% e 2.55% U 3.28% _
| | ‘ L ’ L

Page: 1
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