
Australian Journal of Basic and Applied Sciences, 5(7): 430-439, 2011
ISSN 1991-8178

Corresponding Author: Chongchin Polprasert, Department of Sanitary Engineering, Faculty of Public Health, Mahidol
University, Bangkok 10400, Thailand. Tel. 6623548540
E-mail: phcpp@mahidol.ac.th

430

Emergy Distribution in Oxidation Pond and Constructed Wetland treating a
Domestic Wastewater

1Thaneeya Perbangkhem, 2Doulaye Kone and 3Chongchin Polprasert

1School of Environmental Engineering, Institute of Engineering, Suranaree University of
Technology, Nakhon Ratchasima 30000, Thailand. Tel. 6617339150

2Water and Sanitation in Developing Countries, Swiss Federal Institute of Aquatic Science and
Technology, Switzerland. Tel. 41448235553

3Department of Sanitary Engineering, Faculty of Public Health Mahidol University, Bangkok
10400, Thailand. Tel. 6623548540

Abstract: Two identical pilot-scale reactors – one as an oxidation pond (OP) and the other as a free-
water-surface-flow constructed wetland (CW) planted with Cyperus papyrus – were fed with a low-
strength domestic wastewater at the organic loading rate of 16 kg BOD/ha-d. The purpose of this
study was to investigate how the solar energy dissipated into the biomass productivities during the
wastewater treatment course, using emergy analysis. In the experiments, both treatment systems were
operated with daily draw-and-fill mode for two months. After that, the biomass productivities were
measured from the weight increases and effluent samplings were performed to bring about laboratory
analysis of water-quality parameters. Based on the emergy analyses, the CW unit was found to use
lower emergy for pollutant removal, corresponding to the lesser ecological waste removal potential
(EWRP) than that of OP unit. As the algal cells were dominant in the OP, they contributed to 80
percent of the total emergy input, resulting in a highly turbid effluent. The emergy transfer was found
to be most effective in the CW unit with the efficiencies of 6 and 67 percent for plant and fish
productions, respectively. Thus, the comparative emergy assessment performed in this study indicated
a higher potential of CW over OP to be used for, not only pollution control, but also biomass
productions of fish and wetland plant for further human’s utilization.

Key words: Biomass productivity; Emergy analysis; Constructed wetland; Oxidation pond;
Wastewater treatment.

INTRODUCTION

Significant numbers of research on the use of natural processes for wastewater treatment, reuse, and
recycling have been carried out so far (García, et al., 2008; Ghermandi, et al., 2007).  In the tropical climate
with abundant sunshine, they are most commonly used wherever land availability is not the constraint,
compared with those of conventional treatment systems (Duncan, 2003; Kivaisi, 2001).  Such the natural
processes as constructed wetland (CW) and oxidation pond (OP) have several advantages; i.e., low energy
consumption, simple operation and maintenance, high removal efficiencies, moderate capital and benefits of
increased wildlife habitat and landscape aesthetics (Alvarez and Becares, 2008; Arias and Brown, 2009;
Konnerup, et al., 2009; Lv and Wu, 2009; Ou, et al., 2006; Wu, et al., 2001).  One of these advantages is
that both system operations are driven by solar energy in association with ecological functions such as
microbes, algae, macrophyte and wildlife (Beran and Kargi, 2005; Kadlec and Knight, 1996).  Accordingly,
the exchange of energy and matter within the system and with the surrounding is an important process that
governs the evolution of the system (Loiselle, et al., 2001; Odum and Odum, 2003).

Many kinds of energy involved exist in the wastewater system and all forms of energy do not have the
same ability to do work. Thus, it might not be correct to compare these different forms of energy with respect
to their differential ability to do the work (Bakshi, 2002; Brown, et al., 2004). These shortcomings are
overcome by the concept of “emergy”, which is the amount of one kind of energy considered as solar energy
required for direct or indirect work to make a product or provide a service (Odum, 1996; Tilley and Brown,
2006). For an ecosystem like CW or OP, solar energy is important to synthesize valuable biomass, including
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macrophytes and algae, and also helps to motivate the treatment processes. Earlier studies on the environmental
evaluation of treatment plant systems have been carried out with the use of emergy analysis (Björklund, et al.,
2001; Geber and Björklund, 2001; Grönlund, et al., 2004; Liu, et al., 2009; Siracusa and La Rosa, 2006;
Vassallo, et al., 2009b). However, such those evaluations were performed to consider only for the economic
issue and often compare the performance of CW with that of other conventional wastewater treatment processes
(Zhou, et al., 2009). On the other hand, the treatability studies of CW and OP were conducted to evaluate their
treatment performance but energy transfer efficiencies of such those systems have not been observed yet.  In
addition, studies on emergy analysis of fish farming have been carried out to evaluate only the economic
sustainability for the commercial purpose, regardless of pollution control (Vassallo et al., 2009a; Zhang et al.,
2010). Therefore, the aims of this study were established: a) To quantify the amount of emergy associated with
the wastewater treatment systems of CW and OP that were used to rear fish and b) To compare the treatment
performance on pollutant removal in concurrence with biomass productivities, using emergy evaluation tables.

MATERIALS AND METHOD

The domestic wastewater generated from the dormitories located on the campus of the Suranaree
University of Technology, Nakhon Ratchasima province, Thailand, was used as the influent in this study.  Two
identical reactors – one as a CW and the other as a OP – were made of concrete, each having the dimension
of 1 m×3 m×1.2 m (width × length × depth). With daily draw-and-fill operation, they were fed with primary
settled sewage at the organic loading rate of 16 kg BOD/ha-d. In the CW reactor, the bed was prepared with
gravel of 0.10-m thickness at the bottom and sandy loam of 0.45-m on the top. Papyrus (Cyperus papyrus
Linn.) with the same age and size were cultivated, having a gap of approximate 0.30 m between each other.
Outlet valve of the CW’s tank was positioned to maintain the water level of 35 cm above the bed, resulting
in the free water surface volume of 1.05 m3.

After 3-day retention of water in the reactor tanks, Tilapia fish originally grown in the Suranaree
University of Technology’s waste stabilization ponds were introduced into both treatment systems with their
age of 3 months and stock density of 4 fish/m2. It is classified as an omnivorous fish, capable of feeding
directly on both phyto- and zoo-planktons, and other primary aquatic vegetation, as well. Of a particular
interest, it has better tolerance to low dissolved oxygen and resistance to diseases than do many other fish
species (Polprasert, 2007). In this study, as only male fish were reared in the ponds, fish reproduction was
negligible and, accordingly, the fish production depended only on the increase of individual fish weight. 

At the beginning, the plants were cut down to be 0.60 m high above the bed, signaling the first day of
the experiment. The effluent sampling and laboratory analyses were carried out every ten days for the
determination of biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids
(TSS), ammonium nitrogen (NH4

+-N), and orthophosphate (o-PO4
3-), following the Standard Methods (Franson,

et al., 1998).  The two-month-long experiments were carried out in duplicate so as to ensure the data accuracy.
At the end, biomass productivities were determined from the incremental amounts of both plant and fish. 

Methodology:
From the thermodynamic point of view, an ecosystem is a typical open system and the energy hierarchy

is commonly found in its ecosystem. This energy hierarchy is similar to the energy transformation in ecological
food chains (Odum and Peterson, 1996). Consequently, the concept of energy hierarchy was applied to the CW
and OP units, which were defined as the ecological open system in the thermodynamic aspect, where heat,
work and matter could cross the boundary (Bastianoni, et al., 2005). The techniques for measuring the
production and activities in CW and OP were based on the limitation of energy and their ability to use the
energy for themselves and for other systems. Since the wastewater of low concentrations was used as feed in
this study, solar radiation was the main source of energy supplied to both systems. Definitely, it is the most
important energy involved in all natural processes. Thus it is possible to consider the composition of inputs
of various products or services on a common base as the solar energy. The equivalent solar energy embodied
in it is called emergy (Bakshi, 2000).

The energy system diagrams of CW and OP, both with fish, are illustrated in Figures 1 and 2. The emergy
evaluations of both systems were investigated on an energetic basis for quantification or valuation of energy
used in the system boundary. In the analysis, all systems were considered to be networks of energy flow and
the emergy value of the streams and systems involved were determined, using the converting units, such as
transformity and specific emergy. In this study, added-value production and treatment performance of both CW
and OP were brought about to the emergy evaluation tables, which were categorized in three main groups:
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inputs, storages and outputs. The inputs were classified into sunlight, wastewater and the major elements within
the wastewater. Then the storages were considered as yields which would be harvested from these systems.
Finally, the last category was the outflows, such as wastewater, specific nutrients, and organic matter outflows.
These three components were used to compare the performance between CW and OP systems for the
efficiencies of both waste treatment and the ability to gain biomass from the plant and fish productions. The
algorithm and data sources of CW and OP energy calculation are given in Appendixes A and B, respectively.

Fig. 1: Aggregated energy diagram of the constructed wetland system. 
    WW: Wastewater; W: Water; N: Nitrogen; P: Phosphorus; OM: Organic 

         Matter; A: Algae; C: Cyperus papyrus; F: Tilapia fish.

Fig. 2: Aggregated energy diagram of the oxidation pond system.
         WW: Wastewater; W: Water; N: Nitrogen; P: Phosphorus; OM: Organic 
         Matter; A: Algae; F: Tilapia fish.

RESULTS AND DISCUSSION

The results of influent and effluent characteristics and their productivities of the CW and OP are shown
in Tables 1 and 2. From the surface area of 3 m2 and the experimental period of 60 days, the productivities
of both systems were used to compute the rates of biomass increase (kg/d); i.e., the rate of biomass increase
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of papyrus in CW was equal to 0.138 kg/d, whereas the fish biomass increases in CW and OP had the rates
of 9.28 and 4.07 g/d, respectively. As the above productivities were activated by the sun radiation, the average
energy of 168 W/m2, of which the sunlight can touch the Earth’s mantle, was used as the input for the 12-h
radiation per day (Masters, 1998). These corresponding values were brought further to the algorithm and data
sources of energy calculation in Appendixes A and B for the CW and OP, respectively.

The emergy evaluations for different perspectives of CW and OP with tilapia fish are presented as follows.

Table 1:  Summary of average influent and effluent concentrations of the constructed wetland and its biomass productivities.
parameters                      concentration (mg/L) % removal

---------------------------------------------------------------------
Influent Effluent 

COD 91.2±33.1 36.2±16.2 60.3
BOD 22.1±9.0 6.2±2.3 72.1
NH4

+-N 18.4±4.4 2.9±0.9 84.4
o-PO4

3- 4.74±0.91 0.37±0.20 92.2
TSS 15.0±6.8 5.0±2.2 66.7
Fish productivity (g/m2) 185.7±19.5
Plant productivity (g/m2) 2,758.2±259.6

Table 2: Summary of average influent and effluent concentrations of the oxidation pond and its biomass productivity.
parameters                  concentration (mg/L) % removal

----------------------------------------------------------------------
Influent Effluent 

COD 92.5±25.8 55.1±13.0 40.4
BOD 23.9±5.4 18.0±2.3 24.4
NH4

+-N 22.9±3.9 5.5±1.7 76.0
o-PO4

3- 6.51±1.37 3.07±0.86 52.8
TSS 16.3±7.3 19.9±9.9 -21.9
Fish productivity (g/m2) 81.4±36.7

Emergy evaluation in CW and OP with tilapia fish:
As shown in Figures 1 and 2, the energy diagram with hierarchical network drawn in this study helps to

explain how the energy and matter can be produced and recycled through each level in the cycle of evolution
and pulsing which can be applied to synthesize in many purposes; for examples, to select the best or suitable
plant in CW system, and to apply this principle to the larger scale, etc. (Brown, et al., 2004). The diagram
emphasizes the relationship among aquatic plant, fish and wastewater for treating wastewater and generating
value-added materials in the CW and OP units. The energy diagram of the CW consists of the renewable
resource from sunlight, low-strength domestic wastewater, primary producers as plant biomass (papyrus and
algae) and consumer as fish biomass (tilapia fish) which were the main items in the unit of this study. At the
same time, the interesting items of OP system were considered as almost the same as CW items; except that
the main producer in OP was only algae. Sub-items were also the important components in wastewater, such
as nitrogen, phosphorus and organic matter. As parts of them were consumed by plant and fish, they were
extended to show the energy utilization for each element. Moreover, the experiments were carried out during
the winter and summer periods, without rain, and the research works were focused on the solar energy
capturing. As a consequence, other renewable energies were not included in this study; for example wind, rain
energies, and etc.

From the results of emergy evaluation presented in Tables 3 and 4, the total emergy input of CW
wastewater treatment was the summation of wastewater and sunlight inputs of 3.91×1012 sej/d as same as that
of OP. Then, the input energies were transferred into plant, algal and fish biomass. The performances of both
systems were investigated on the basis of the efficiencies of energy transfer. The main driving emergy input
generated from the wastewater input was, however, shown to be higher than that of sunlight input. These
values indicated that the main emergy used to produce biomass of both plant and fish in the system came from
the wastewater. As such, it contained valuable nutrients which could be used to support productive natural
ecosystems from natural resource (Nelson et al., 2001). However, solar energy was still as important as was
the main factor for photosynthetic reaction. Likewise, the indigenous nonrenewable resources (nitrogen,
phosphorus and organic matter) obtained from wastewater were also important for the plant and fish growth.
Furthermore, the main emergy contributions to CW and OP from the outside were different. The emergent
plant biomass was the main emergy-receiving item of CW while the algal biomass was that of OP. Algae grew
very well in OP units because the sun radiation was not intercepted by plant, while the algal growth in the
CW was limited. The main driving emergy for plant growth was nitrogen which had the highest emergy value
among other substances for plant growth in the emergy evaluation table. The main emergy of treated
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wastewater was also from nitrogen outflow because this wastewater generated from the dormitories contained
much of ammonia nitrogen as the dominant parameter.

Table 3:  Emergy evaluation of the constructed wetland with fish.
Item Raw units (/d) Transformity (sej/unit) Solar emergy (sej/d) References
Renewable resource
1     Sunlight 7.26×106 J 1 7.26×106 (Odum and
Total input 7.26×106 Peterson, 1996)
Total wastewater
2     Wastewater 1.03×106 J 3.08×106 3.91×1012 (Geber and Björklund, 2001)
Yield
3     Cyperus papyrus 2.31×106 J 4660 1.08×1010 (Ulgiati and Brown, 2009)
4     Algae 0.03 g 6.6×1012 1.98×1011

5     Tilapia fish 1.71×105 J 1.27×105 2.17×1010

Total yield 3.25×1010

Nonrenewable sources within system
6     Nitrogen 41.2 g 4.19×109 1.73×1011 (Bastianoni, et al., 2005)
7     Phosphorus 10.6 g 4.60×108 4.88×109

8     Organic matter 2.72×105 J 7.40×104 2.01×1010 (Brown and Bardi, 2001)
Total substrate 1.98×1011

9     Total treated wastewater 8.35×105 J 5.77×106 4.85×1012 (Geber and Björklund, 2001)
10      Nitrogen outflow 6.42 g 4.19×109 2.69×1010 (Bastianoni, et al., 2005)
11    Phosphorus outflow 0.83 g 4.60×108 3.82×108

12    Organic matter outflow 7.59×104 J 7.40×104 5.62×109 (Brown and Bardi, 2001)

Table 4: Emergy evaluation of the oxidation pond with fish.
Item Raw units (/d) Transformity (sej/unit) Solar emergy (sej/d) References
Renewable resource
1     Sunlight 7.26×106 J 1 7.26×106 (Odum and Peterson, 1996)
Total input 7.26×106

Total wastewater
2     Wastewater 1.03×106 J 3.08×106 3.91×1012 (Geber and Björklund, 2001)
Yield
3     Algae 0.48 g 6.6×1012 3.17×1012 (Ulgiati and Brown, 2009)
4     Tilapia fish 7.49×104 J 1.27×105 9.51×109

Total yield 9.51×109

Nonrenewable sources within system
5     Nitrogen 40.4 g 4.19×109 1.69×1011 (Bastianoni, et al., 2005)
6     Phosphorus 11.4 g 4.60×108 5.24×109

7     Organic matter 2.94×105 J 7.40×104 2.17×1010 (Brown and Bardi, 2001)
Total substrate 1.96×1011

8     Total treated wastewater 8.35×105 J 5.77×106 4.85×1012 (Geber and Björklund, 2001)
9      Nitrogen outflow 9.70 g 4.19×109 4.06×1010

10      Phosphorus outflow 5.40 g 4.60×108 2.48×109 (Bastianoni, et al., 2005)
11    Organic matter outflow 2.22×105 J 7.40×104 1.64×1010 (Brown and Bardi, 2001)

As shown in Figure 3, the largest emergy value in the CW system was accounting to 94% found in the
water and other parameters, including used energy, by comparing with the emergy inputs. Conversely, in
comparison with emergy input, algal cells played a major role in the emergy value stored in the OP unit,
accounting to 81% as illustrated in Figure 4. From the analysis, the emergy consumption of CW systems was
found to be due to wastewater, which was the main target of wastewater treatment plant that we usually had
to invest for this purpose. In contrast, the main emergy utilization of OP systems came from algal cells which
had to be removed from the systems. This large emergy fraction from algal cells implies that the high energy
would be required to remove algae from the wastewater. Moreover, the lower BOD removal value in Table
5 of OP reflects the higher emergy value present in the total treated wastewater (Item 8 in Table 4).
Accordingly, this problem would bring about the additional operation and maintenance costs for algal
harvesting that should be taken into account when the effluent quality had to be upgraded. Finally, emergy
outflows of CW and OP were, in fact, lower than that of untreated wastewater because the emergy inputs in
CW and OP units were distributed to the products as plant biomass and fish biomass along the pathway as
shown in Figures 3 and 4. For untreated wastewater, the emergy evaluation values of inflow should be equal
to those of outflow. Furthermore, the outflow emergy values of CW and OP were different because of the
diversity in the system boundaries and the removal mechanisms involved with such the processes. Different
value-added materials could be gained from both systems and the biological diversity helped much to make
the stability of the system.



Aust. J. Basic & Appl. Sci., 5(7): 430-439, 2011

435

Fig. 3: Fraction of interest storages in the system boundary of CW.

Fig. 4: Fraction of interest storages in the system boundary of OP.

Emergy evaluation of water quality:
The wastewater treatment efficiency was the most important indicator for the main purpose of waste

treatment. Ecological waste removal potential (EWRP) is the proportion of total emergy cost in waste treatment
by waste removal. It is the indicator to estimate the waste removal performance for different wastewater
treatment, corresponding to resource consumption (Zhou, et al., 2009). For the specific substances, such as
NH3, PO4

3- and organic matter (BOD), the corresponding EWRP’s are given in Table 5. The results indicate
that although all units had the same total emergy cost for wastewater removal (3.91×1012 sej/d), the CW system
used lower emergy to improve the nutrients and organic matter treatment potential than did the OP. The
emergy provided to remove nutrients and organic matter in CW was approximately the same in all parameters.
However, to reduce phosphorus, it spent higher emergy than did other parameters. Similarly, in the OP units,
high emergy consumption was initiated with phosphorus and BOD removal processes. The reason would be
due to high TSS from algal cells present in the system that needed more energy to remove such the increased
concentrations in the wastewater. Also, the phosphorus removal efficiencies of CW were better than that of
OP, perhaps, due to soil adsorption and phosphorus uptake by aquatic plant. Therefore, it was necessary for
the OP system to use higher energy for phosphorus treatment than did the CW. 

Emergy evaluation of plant and fish production:
Plant and fish productivities were considered as added-value products apart from being the removal

mechanisms in the wastewater treatment processes. In general, the growth of both plants and animals requires
energy. Thus, the plant and fish production efficiencies of how much energy could transform into the biomass
were evaluated by measuring the proportion between the emergy cost in plant and fish growth and their
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productivities. The mean daily emergy of plant production (1.08×1010 sej/d) and fish production (2.17×1010

sej/d) of CW accounted for 6.1 and 66.7% of total emergy cost in plant growth (emergy items 1+5+6 in Table
3) and fish growth (emergy items 3+4+7 in Table 3), respectively. Similarly, the mean daily emergy of fish
production (9.51×109 sej/d) of OP unit was accounted for 0.3% of total emergy cost in fish growth which was
calculated from the sum of item no.3 and 7 in Table 4. The results revealed that in the OP system, the energy
transfer from the lower level as aquatic plant to the upper level as fish had a lower potential than that of CW
system. The reason would be due to the large amount of algal cells produced rapidly, when compared with
the initial fish weight and, afterward, this high concentration of algae covered the water surface, thereby
causing the fish death from the lack of oxygen during the night time. In addition, from Tables 1 and 2, as the
fish productivities in the CW were about two times those in the OP, the emergent plants were believed to help
protect the fish from being preyed by bird, resulting in a good survival of 75 – 100%, compared with 30 –
75% in the OP. Thus, different beneficial species of fish and plants grown in CW should be further
investigated as to seek more added-value products obtained from the treatment system. Similarly, more complex
emergy analyses with a variety of fish and plants should be studied in depth so that comparison of different
natural treatment systems can be performed.

Table 5: Comparison for the ecological waste removal potentials between the CW and OP units with fish.
Item CW with fish WSP with fish
Total emergy cost for removal wastewater (sej/d) 3.91×1012 3.91×1012

NH3 removal (g/d) 34.8 30.7
PO4

3- removal (g/d) 9.77 6.00
BOD removal (g/d) 17.84 6.52
EWRE of NH3 (sej/g) 1.12×1011 1.27×1011

EWRE of PO4
3- (sej/g) 4.00×1011 6.52×1011

EWRE of BOD (sej/g) 2.19×1011 6.00×1011

Appendix A: The algorithm and data sources of CW energy calculation.
No. Item Calculation Units Sources
1 Sunlight

Unit area = 3 m2

Global average solar radiation = 7.26×106 J/m2/d (Odum, 1996)
Albedo  = 20 %
Energy (J) = (Area)×(Solar radiation) ×(1-Albedo)

1.74×107 J/d
2 Wastewater

Daily wastewater = 0.16 m3/d
Gibbs free energy = 6.43×106 J/m3 (Wu et al., 2001)
Energy (J) = (Daily wastewater)×(Gibbs free energy)
= 1.03×106 J/d

3 Producer 
Cyperus papyrus
Productivity  = 0.138 kg/d
Energy content = 16.77×106 J/kg From the experiments
Energy (J) = (Total productivity)×(Energy content)
= 2.31×106 J/d

4 Producer
Algae
Productivity = 0.03 g/d

5 Consumer
Tilapia fish
Productivity = 9.28×10-3 kg/d
Energy content = 18.4×106 J/kg (Ridha and Cruz, 2001)
Energy (J) = (Total productivity)×(Energy content)
= 1.71×105 J/d

6 Nutrients
Nitrogen (NH3)
Nitrogen content = 41.2 g/d

7 Phosphorus
Phosphorus content = 10.6 g/d

8 Organic component energy
Organic matter content = 0.0247 kg/d
Gibbs free energy = 1.1×107 J/kg (Wu et al., 2001)
Energy (J) = (Organic matter content)×(Gibbs free energy)
= 2.72×105 J/d
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Appendix A: Continue
9 Treated wastewater

Daily wastewater = 0.16 m3/d
Gibbs free energy = 5.22×106 J/m3 (Wu et al., 2001)
Energy (J) = (Daily wastewater)×(Gibbs free energy)
= 0.84×106 J/d

10 Nutrient outflow
Nitrogen (NH3)
Nitrogen content = 6.42 g/d

11 Phosphorus outflow
Phosphorus content = 0.83 g/d

12 Organic matter outflow
Organic matter content = 0.00690 kg/d
Gibbs free energy = 1.1×107 J/kg (Wu et al., 2001)
Energy (J) = (Organic matter content)×(Gibbs free energy)
= 7.59×104 J/d

Appendix B: The algorithm and data sources of OP energy calculation.
No. Item Calculation Units Sources
1 Sunlight

Unit area = 3 m2

Global average solar radiation = 7.26×106 J/m2/d (Odum, 1996)
Albedo (reflected radiation) = 20 %
Energy (J) = (Area)×(Solar radiation) ×(1-Albedo)
= 1.74×107 J/d

2 Wastewater
Daily wastewater = 0.16 m3/d
Gibbs free energy = 6.43×106 J/m3 (Wu et al., 2001)
Energy (J) = (Daily wastewater)×(Gibbs free energy)
= 1.03×106 J/d

3 Producer 
Algae
Productivity  = 0.48 g/d

4 Consumer
Tilapia fish
Productivity = 4.07×10-3 kg/d
Energy content = 18.4×106 J/kg (Ridha and Cruz, 2001)
Energy (J) = (Total productivity)×(Energy content)
= 1.41×104 J/d

5 Nutrients
Nitrogen (NH3)
Nitrogen content = 40.4 g/d

6 Phosphorus
Phosphorus content = 11.4 g/d

7 Organic component energy
Organic matter content = 0.0267 kg/d
Gibbs free energy = 1.1×107 J/kg (Wu et al., 2001)
Energy (J) = (Organic matter content)×(Gibbs free energy)
= 2.17×1010 J/d

8 Treated wastewater
Daily wastewater = 0.16 m3/d
Gibbs free energy = 5.22×106 J/m3 (Wu et al., 2001)
Energy (J) = (Daily wastewater)×(Gibbs free energy)
= 0.84×106 J/d

9 Nutrients
Nitrogen (NH3)
Nitrogen content = 9.70 g/d

10 Phosphorus
Phosphorus content = 5.40 g/d

11 Organic component energy
Organic matter content = 0.0202 kg/d
Gibbs free energy = 1.1×107 J/kg (Wu et al., 2001)
Energy (J) = (Organic matter content)×(Gibbs free energy)
= 2.22×105 J/d

Conclusion:
Emergy analyses were performed on water quality and biomass productivities from the primary producers

(algae and papyrus), and a consumer (tilapia fish) in the CW and OP systems fed with a low-strength
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wastewater. Although sun radiation during the day time was the main emergy source to drive the natural
treatment processes, the calculated emergy input of 3.91×1012 sej/d from the wastewater was found to be the
major source for plant and fish growth. The major energy was found to be embodied in algal cells for the OP
unit about 80% which conformed to the low BOD removal efficiency, due to the high concentration of algae.
In contrast, the emergy utilization in the CW was higher than that in the OP. Based on emergy analysis with
EWRP indicator, CW had better wastewater treatment performance than that of OP in all parameters. The plant
and fish productivities are advantageous of the CW system. Plant production emergy in CW was about 6%
of total emergy used.  Furthermore, the CW had higher potential of about 67% than did OP in fish production.
Summarily, both of these two systems can gain more added-value from distributing emergy input into some
valuable products, which would be better than just releasing emergy to the treated water without making any
value-added matter, at all.  
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