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I. INTRODUCTION 

1. Background 

1  At the request of the Kingdom of Cambodia, the Asian Development Bank (ADB) is 

developing the Livable Cities Investment Project (LCIP) to facilitate long-term sustainable and 

economic growth. The Project will focus on enhancing urban planning, building community 

resilience, and providing infrastructure. Project outputs include: 

 Output 1: policy and regulatory environment improved; 

 Output 2: urban infrastructure improved, and; 

 Output 3: institutional effectiveness and governance improved. 

2  The project will concentrate on secondary cities1 due to their economic potential and 

location at key trade and tourism zones.  

3  As a result of recent population growth, these cities have identified that the limited 

infrastructure is restricting their development potential. Existing services are no longer 

operating optimally and are now incapable of servicing increasing demands. The LCIP 

proposes to adopt a holistic methodology, comprising of an integrated urban development 

approach to ensure interventions consider land use, long-term city needs, asset management, 

and asset financing for sustainable operations. 

4  ADB engaged the Transaction Technical Assistance (TRTA) under the ADB Southeast 

Asia Urban Service Facility (SURF). The TRTA involved the preparation of feasibility studies 

for the following urban services: (i) wastewater management, in Bavet, Poipet, and Kampot; 

(ii) urban drainage in Bavet and Poipet; and (iii) solid waste management in Bavet and Poipet. 

The results of the analysis are documented in the respective technical volumes as outlined in 

the table below.  

Table 1: Project Components 

Project 

Component 

Poipet Bavet Kampot 

Urban 

Services 

Infrastructure 

• Volume 3 – 

Wastewater 

• Volume 4 – 

Stormwater Drainage 

• Volume 5 – Solid 

Waste Management 

• Volume 3 – 

Wastewater 

• Volume 4 – 

Stormwater Drainage 

• Volume 5 – Solid 

Waste Management 

• Volume 3 – Wastewater 

 

 
  

                                                

1 Project concept originally identified the secondary cities of Battambang, Bavet, Kampot and Poipet for 
consideration under the project but then focused on Bavet, Kampot and Poipet. 
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2. Purpose of the Report 

5 This Volume 9 - Materials Selection and Rate Analysis aims to (i) provide rate analysis 

to support the cost estimates developed in the feasibility studies and (ii) detail the figures of 

the energy analysis that has been used in the technical volumes. 

6 Technologies and materials selection are presented in the corresponding technical 

volumes. All feasibility studies include a review of the existing situation related to the urban 

services infrastructure to get an in-depth understanding of the local context and the ability to 

implement similar infrastructures.  

7 For standard infrastructure works, including earthworks, roads, buildings, civil works, 

and piping networks, local contractors have adequate capacities to perform corresponding 

works. For more specific works, including process-related activities, local context and ability 

have been taken into account, in particular for the selection of the wastewater treatment plant 

(WWTP) technologies.  

8 Lately in the project preparation, a solar energy component has been proposed to 

improve financial performance and contribute to Climate Change anticipation and mitigation 

measures. Since this component has a similar approach across sub-projects and cities, it was 

suggested to include the description of the approach in this volume and the specific results in 

each Feasibility Study. 

3. References and sources 

9 The presented unit rates are based on information provided by ADB on their similar 

projects in: 

(i) Kampot (ref. 46443-002 – Cambodia: Second Greater Mekong Subregion Corridor 
Towns Development Project); 

(ii) Batambang (ref. 50102-002 – Cambodia: Second Urban Environmental 
Management in the Tonle Sap Basin Project); 

(iii) Stueng Saen (ref. 50102-002 – Cambodia: Second Urban Environmental 
Management in the Tonle Sap Basin Project);  

(iv) Serei Saophoan (ref. 50102-002 – Cambodia: Second Urban Environmental 
Management in the Tonle Sap Basin Project); and 

(v) Pursat (ref. 50102-002 – Cambodia: Second Urban Environmental Management 
in the Tonle Sap Basin Project). 

10 When not available, additional unit prices are estimated by the TRTA based on market 

price. 



 
 

II. RATE ANALYSIS 

1. Overview 

11 For each component, work categories have been identified and used to prepare the 

Bill of Quantities (BoQ). Some of these works are common for the components, for example, 

preliminary works (such as site clearing and grubbing), earthworks, road works, and civil 

engineering works. However, some works categories are more specific to each component 

and only used for wastewater, stormwater drainage, or solid waste. Table 2 shows the main 

works categories used.  

Table 2: Cost Analysis Categories 

Categories Components involved Detailed work 

General 

Sanitation 

- Site installation (mobilisation / demobilisation) 
- On-site and laboratory tests 

Solid Waste 
Management 

Drainage 

Sanitation 

Drainage 

Road work 

Sanitation 
- Road demolition 
- Concrete or asphalt road (preparation, compaction of 

subgrade/supply of the wearing course) 
- Grit road 

Drainage 

Solid Waste 
Management 

Earthwork 

Sanitation - Soft excavation, Hard excavation (rock) 
- Trench shoring 
- Surface preparation, sub-base course, backfill 

materials 

Drainage 

WWTP 

Solid Waste 
Management 

- Bulk excavation in soil 
- Embankment backfilling 
- Topsoil placing from onsite stockpile 

Green work 

Solid Waste 
Management 

- Stripping of trees and vegetation 
- Re-seeding 

WWTP - Stripping of trees and vegetation 

Concrete 
Structure 

Sanitation - Construction of sewage pumping stations 

Solid Waste 
Management 

- Buildings construction 

Civil Work 

Sanitation 
- Manholes installation 
- Inlet grid installation 

Drainage 
- Box culverts installation  
- Special crossing structures installation 
- Existing canals enlargement/excavation 

WWTP - Civil work and equipment 

Solid Waste 
Management 

- Support structures for sorting plant 

Pipes and 
Networks 

Sanitation 
- Installation of sewer mains 
- Installation of sanitation pumping mains 
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Categories Components involved Detailed work 

Drainage - Laying of box culverts & U-drains 

Solid Waste 
Management 

- Supply and placing of leachate drainage layer 
- Supply and install HDPE geomembrane liner 
- Supply and install protection geotextile 

Equipment 

Sanitation 
- Installation of grit removal, valves and sensors 
- Installation of power generation onsite (onsite 

generators, portable generators) 

Drainage 
- Installation of treatment structures (sandboxes and oil 

separator) 

WWTP 
- Installation of equipment and sensor for water and 

sludge treatment) 

Solid Waste 
Management 

- Sorting and composting equipment 
- Installation of miscellaneous infrastructure (perimeter 

fence, entrance gate and signage, leachate pumping 
station) 

- Installation of landfill gas wells 
- Installation of gas main collector pipe and secondary 

collection pipe 

2. Inclusions and Exclusions 

12 Bill of quantities and prices are based on the following: 

(i) The estimate follows a bottom-up approach based on the technical definition and 
design criteria specified during the feasibility study. 

(ii) The accuracy target is +/-20%. 

(iii) Technical characteristics and quantities are the basis of the cost-estimate. 

(iv) Unit prices used in the BOQ are macro-prices (prices per basis of unit for example 
per linear meter, per square meter, per cubic meter).  

3. Rate Analysis by Category 

13 This section presents the main unit costs used for the development of the LCIP 

Feasibility Study, together with the cost ratios and the relative proportions of the different cost 

components. The overall database of unit prices, and comparison with other projects, is 

presented in Appendix 1 and Appendix 2. 

14 In this section, the LCIP costs are compared with previous projects carried out in 

Cambodia. This aims to have an overview of the ranges of prices from comparable studies 

and, thus, to position the LCIP costs relatively to these. For the purposes of this comparative 

study, previous projects with similar components to LCIP were used. Figure 1 below presents 

the main characteristics and scope of those projects.  

15 When the descriptions of items in the BOQs were matching, the unit costs are used as 

a basis for comparison. Because these projects all have different levels of detail in the costing, 

this comparison is not always provided in the current document. The global costs are also 

compared in terms of ratios or proportions between LCIP and those projects.    



 
 

16 As the unit prices used to develop the cost estimate in Poipet, Bavet, and Kampot are 

extracted from the same database, the comparison will sometimes be limited to only one city 

of LCIP project.  

Figure 1: Projects Presentation 

 

3.1. Sewerage 

17 This section compares the unit costs used to develop the LCIP Wastewater Feasibility 

Study in Poipet, Bavet, and Kampot. Figure 2 below presents the split of the main works 

categories with respect to the overall project cost for LCIP-Poipet, TS2-Battambang, and 

GMS2-Kampot.  

Figure 2: Breakdown of costs – Wastewater projects 
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18 General Costs. The "General" category includes tasks such as site installation, 

contractor mobilization/demobilization, health, safety and environmental management, and 

onsite laboratory testing. This category excludes the detailed engineering design, survey, and 

site supervision that are estimated separately. In LCIP, the general costs have been computed 

as 5% of the civil work price. 

Table 3: Comparison of the Ratio of General and Preliminary Costs 

Item 
Serei 

Saophoan 

Stueng 

Saen 
Battambang Kampot LCIP 

General & Preliminary 

works 
5% 10% 10% 18% 10% 

19 Road works. This category represents all the works related to roads, including road 

demolition and construction of concrete, asphalt, and stone roads. The excavation, supply, 

and compaction of subbase are not included in this category (see earthworks below). The 

prices include labor, equipment, materials, indirect cost, and profit. The quantities have been 

estimated on the basis of the design or, in the case of road demolition, from the existing plans.  

The comparison of roadworks items between projects is presented in Appendix 2. 

20 Earthworks. Earthworks include excavation, general and embankment backfill, 

surface trimming and grading, subbase preparation, and, when necessary, trench shoring. 

The comparison of earthworks items between projects is presented in Appendix 2. 

21 Households connections. The household connections to the sewer system include 

the rehabilitation of the existing sewer pipework. The lump-sum attributed to each connection 

has been estimated at $720. Appendix 2 presents the other estimations from previous 

projects. 

Table 4: Comparison of costs for household connections   

Item 
Serei 

Saophoan 

Stueng 

Saen 
Battambang Kampot LCIP 

Households 

connections 
$694 $684 $716 $774 $720 

22 Force mains. Figure 3 presents the unit cost of the force main pipes, depending on 

the diameter. The unit costs shown here include only the supply and laying of pipes. Only 

GMS 2 prices include the earthworks, as the breakdown of price provided does not match with 

the other project's level of details. 



 
 

Figure 3: Unit cost comparison for HDPE pipes 

 

23 The linear cost of HDPE pipes for LCIP is higher than the previous Cambodian projects 

(similar to GMS2, but without the earthworks). The reasons for this include:  

(i) Higher HDPE pressure class pipes. As no water hammer study has been done at 
this stage, a conservative approach has been adopted. Further studies will need 
to be carried out during the detailed engineering design stage, which may lead to 
a decrease in the unit cost.   

(i) The chosen HDPE pipes represent a high-quality product from a Thai 
manufacturer. 

Table 5: Pressure Class Comparisons 

Project HDPE Pressure Class Origin 

Serei Saophoan PN10 China 

Stueng Saen PN8 China 

Battambang PN12.5 China 

Kampot (GMS2) PN10 China 

LCIP PN16 Thailand 

24 Pumping Stations (PS). Figure 4 presents the cost for the construction of the sewer 

pumping stations linked to their nominal flow. Figure 5 presents the cost for the construction 

of the sewer pumping stations linked to their nominal power.  
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Figure 4: PS cost VS nominal flow 

 

Figure 5: PS cost VS Pumps Power 

 

25 Pumping Stations (PS). Notably, the three mains pumping stations installed in Poipet 

have more than twice the capacity of those previously installed in other projects. The cost of 

the PS depends on the nominal flow and the required head. As a result, some PS on the below 

figure have a higher cost, even if their nominal flow is lower (i.e., the required head of this PS 

is higher). 

26 Gravity sewer pipes. Figure 6 presents the linear cost of the gravity pipe sewer 

installation. The costs are including the supply of pipes, laying of pipes, and related 

earthworks. To guarantee the required slopes of the gravity pipes, the depth varies between 

2 and 6 meters, with associated variations in the complexity and, thus, cost of the related 

earthworks. As the BoQs of other projects do not provide the cost of pipes but always include 

earthworks, the comparison “Pipe diameter Vs Cost” could not be presented.  
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Figure 6: Installation of Gravity sewer pipes 

 

3.2. WWTP 

27 Table 6: WWTP comparison below compares the different WWTP ratios from LCIP 

with the previous projects. It has to be noted that Poipet is the only one with a different 

treatment process. The comparison is, therefore, to be taken with caution.  

28 For Bavet, although the treatment process is similar to the ones in the previous 

projects, the cost per habitant was assessed to be slightly higher, as the assumptions adopted 

are more conservative on the treatment of nitrates and phosphorus2. This choice will have to 

be reviewed during the DED stage.  

29 For Bavet, the wastewater flow per habitant takes into consideration a lower rate of 

59.8 m3/worker/day for SEZ workers, explaining the gap with the Poipet wastewater flow rate 

per habitant.   

 

                                                
2 Following a communication from MoE: “Letter No 1436 SK / GBTK dated 17 April 2020 of Ministry of Public Works 
and Transport”; modified limits have been used for the design at this stage: (i) Total Nitrogen TN ˂ 15 mg/l; (ii) 
Total Phosphorus TP ˂ 10 mg/l; and (iii) COD ˂ 80 mg/l. However, an additional communication from MoE “Letter 
No. 2674 SK/ABTK dated 28 July 2020 of the Ministry of Public Works and Transport” has confirmed the possibility 
to apply the sub-decree 27. Therefore, the design of the WWPT could be updated at the DED stage. 
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Table 6: WWTP comparison 

    

Serei 
Saophoan 

Pursat Batambang Stung Saen 
GMS2 - 
Kampot 

LCIP Bavet LCIP Poipet 

Item of comparison Unit        

Area (total site) Ha                 10                     3                     10                  16     

Area (built / footprint) Ha                   4                     1                       6                    2     

Population Served (Design Capacity) No.         24,120           20,000             49,209          19,981           16,060  43,358  62,329  

Peak Flow (design capacity) m3 / d             2,745               8,186    

Average Flow (design capacity) m3 / d           6,300             2,074               8,500            3,500             3,323  3,895  9,576  

Concentration (influent, design capacity)  mgBOD / l              340                 400                   300                300                261    

Concentration (effluent, design capacity) mgBOD / l                 17                   30                     30                  30     

Capital Cost (net of tax) $ (USD)      2,260,589        1,660,469     1,046,639     2,181,706  6,412,033  9,892,886  

Operating cost per year $ (USD)         111,000     288,678  494,400  

Design Horizon (years) y                 20                   20                     20                  20                   20  10  10  

Population Equivalent (Design Capacity) No.              56,590          22,978     
          

Average wastewater flow/hab m3/d/hab           0.261             0.104               0.173            0.175             0.207  0.154 0.154  

Capital Cost per served habitant $/Served Hab. 0 113 34 52 136 148 159 

Operational cost per served habitant $/Served Hab/y 0 5.6 0.0 0.0   6.66 7.93 
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30 Figure 7 presents the ratios of the Waste Stabilization Ponds (WSP) works categories 

related to Anaerobic ponds, Facultative and Maturation Ponds, and Sludge drying beds.  

Figure 7: WWTP technology – Breakdown of Cost Items 

 

3.3. Stormwater Drainage 

31 Earthworks, roadworks, civil works, pipework. The unit prices for the general 

works, such as earthworks, roadworks, civil works, and pipework, are based on the same 

database as the other components – see Appendix 2. 

32 Table 7 below compares the linear costs of the supply and laying of the box culverts 

2m x 2m.  

Table 7: Drainage - Box Culvert Rates 

 LCIP Srei Saophoan Stung Saen 

 $/lm $/lm $/lm 

Box culverts 2m x 2m 1,562 1,458 1,200 

3.4. Solid Waste 

33 Earthworks, roadworks, civil works, pipework. The unit prices for the general 

works, such as earthworks, roadworks, and civil works are based on the same database as 

the other components – see Appendix 2. 

34 Landfill specific works. The unit prices for the specific landfill work items 

(geomembrane, geotextiles, etc.) are estimated by the TRTA based on an assessment of local 

market rates – these are also shown in Appendix 2.  

35 Equipment for collection, sorting, composting, Landfill. Some of the equipment is 

available locally (waste containers, pumps, etc) and the unit prices are estimated by the TRTA 

based on assessment of the local market and consultation with local suppliers. The larger, 
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more sophisticated equipment, including, notably, the sorting plant equipment and the landfill 

gas flare unit, will need to be imported and the prices are based on international market prices.  

4. Treatment of Contingencies 

36 The treatment of contingencies is presented in the corresponding technical volumes. 

Depending the main works categories, the physical contingencies vary within a range of 5-

20%. Price contingencies are addressed in the financial analysis (Volume 07) and are set at 

17% for civil costs, and 15% for equipment costs.  

  



 
 

III. ENERGY ANALYSIS 

1. Solar Photovoltaic study 

1.1. Purpose of the study 

37 The decreasing cost of implementation of solar projects combined with abundant solar 

resources, offer great potential in Cambodia for utility-scale solar projects.3 This part aims to 

study the solar photovoltaic (PV) potential for powering the equipment of Bavet and Poipet 

facilities (WWTP, Landfills, Pumping Stations). The study included an assessment of the:  

(i) PV output based on the available roof area of the buildings; 

(ii) PV power and battery capacity required to achieve energy autonomy; 

(iii) Scenario that envisages a configuration with or without battery and corresponding 
financial elements.  

38 This study considers the PV panels to be installed on the sites of the proposed 

infrastructure to cover all or part of the energy needs of the facilities but exclude the resale of 

energy to Electricité Du Cambodge (EDC). Another study, as part of the DED stage, should 

be carried out to provide information on the possibility of selling the electricity from the PV 

plant to EDC.  

39 The profitability of a self-consumption plant project is based on a balanced design of 

the photovoltaic plant between:  

(i) An undersizing of the installation, which would limit its interest and the expected 
benefits; and 

(ii) An oversizing of the installation, which would increase the initial cost of the 
installation and inject the surplus electricity into the network, thus jeopardizing the 
financial balance of the project.  

40 The rate of self-consumption represents the ratio of self-consumed production over the 

total production of the site. The profitability of self-consumption, therefore, improves when the 

rate of self-consumption increases, which encourages the consumer to synchronize its 

consumption and the production of its installation. 

Figure 8: Self-Consumption (example) 

 

                                                
3 ADB. Cambodia Solar Power Project (RRP CAM 50248). https://www.adb.org/sites/default/files/linked-documents/50248-001-
so.pdf  
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1.2. Energy Needs 

1.2.1. WWTPs 

41 Bavet. The technology used for the WWTP in Bavet is a Waste Stabilization Ponds 

process. The energy consumption is estimated to be 367 kWh/day, or 134,088kWh/year. The 

details of the energy consumption, by equipment type, is provided in Table 8  

Table 8: Bavet WWTP – Energy Consumption 

Equipment 
Rated 
Power 
(kW) 

Units 
installed  

Units in 
operation 

Duration 
factor 

Shaft 
power 

Duty 
hours 

Daily Power 
consumption 

Kwh/d 

Annual Power 
consumption 

Kwh/y 
Septage screens 0.25 2 1 0.9 0.225 5  1   411  
Septage pumps 0.75 2 1 0.9 0.675 5  3   1,232  
Mechanical screens 1.27 2 2 0.9 2.29 5  11   4,183  
Screen 
washer/compactor 

0.75 2 2 0.9 1.35 5  7   2,464  

Aerated grit drive 0.93 2 2 0.9 1.68 12  20   7,361  
Grit Classifier 0.75 2 2 0.9 1.35 12  16   5,913  
Grit Blowers 3.14 3 2 0.9 5.65 12  68   24,761  
Chlorine doing pumps 0.63 2 1 0.9 0.57 24  14   5,019  
Miscellaneous – office 
(AC,…) 

30 1 1 0.9 27 8  216   78,840  

SUB-TOTAL        357   130,183  
Contingency 3% 3%       367   134,088  
TOTAL – 2030 Horizon              367   134,088  

42 Poipet. The technology used for the WWTP in Poipet is an Activated Sludge Process. 

The energy consumption is estimated to be 5,452 kWh/day, or 1,990,016 kWh/year. The 

details of the energy consumption, by equipment type, is provided in Table 9.  

Table 9: Poipet WWTP – Energy Consumption 

Equipment 
Rated 
Power 
(kW) 

Units 
installed  

Units in 
operation 

Duration 
factor 

Shaft 
power 

Duty 
hours 

Daily Power 
consumption 

Kwh/d 

Annual 
Power 

consumption 
Kwh/y 

Septage screens 0.3 2 1 0.9 0.23 5.00  1   411  
Septage pumps 0.8 2 1 0.9 0.68 5.00  3   1,232  
Mechanical screens 2.1 2 2 0.9 3.83 6.89  26   9,631  
Screen washer/compactor 1.1 2 1 0.9 0.99 6.89  7   2,491  
Aerated grit drive 1.4 2 2 0.9 2.61 19.30  50   18,386  
Grit Classifier 1.1 2 1 0.9 0.99 19.30  19   6,974  
Grit Blowers 7.2 3 2 0.9 13.05 19.30  252   91,929  
Equalisation Tank - Air Blowers 29.0 2 2 0.9 52.20 24.00  1,253   457,241  
Transfer Pumps -Equalisation 
Tank 

29.0 2 2 0.9 52.20 13.79  720   262,654  

Anoxic Tank Mixer 0.4 2 2 0.9 0.64 24.00  15   5,639  
Air Blower -Aeration 15.0 4 3 0.9 40.50 24.00  972   354,780  
Clarifier Mechanism 2.2 3 3 0.9 5.94 24.00  143   52,034  
Return Sludge Pumps 14.5 2 2 0.9 26.10 19.30  504   183,858  
Thickener Mechanism 2.2 2 2 0.9 3.96 19.30  76   27,898  
Sludge transfer pumps 2.1 2 2 0.9 3.83 16.54  63   23,114  
Coagulation Tank Mixer 0.4 1 1 0.9 0.33 24.00  8   2,917  
Flocculation Tank Mixer 0.2 1 1 0.9 0.18 24.00  4   1,577  
Ferric dosing pumps 0.4 2 2 0.9 0.67 24.00  16   5,834  
Chlroine doing pumps 0.8 2 2 0.9 1.35 24.00  32   11,826  
TSE Pumps 35.8 1 1 0.9 32.19 13.79  444   161,970  
Plant lighting 20.0 1 1 0.9 18.00 6.00  108   39,420  
Miscellaneous – office (AC,…) 40.0 1 1 0.9 36.00 16.00  576   210,240  
Contingency 3%         
TOTAL - 2030 horizon 

      
 5,452   1,990,016  

43 At this stage of the study, the consumption of the WWTP is assumed to be constant 

throughout the year. The hourly consumption pattern is presented in Figure 9 and Figure 10. 

It has been defined in each city for:  

(i) process items; and 



 
 

(ii) Miscellaneous or non-process items (AC, ventilation, penstocks, etc..).  

Figure 9: Hourly Consumption – WWTP Bavet 

 

Figure 10: Hourly Consumption – WWTP Poipet 
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1.2.2. Pumping Stations 

44 The pumping station consumptions have been estimated for the horizon 2030. For 

each city, the extremes Pumping Station in term of capacities are presented in the table below:  

Table 10: Pumping Station – Energy needs 

 Lower Capacity PS Higher Capacity PS 

Bavet 
PS_01 
21 kWh/day 
7,665 kWh/year 

PS_06 
230 kWh/day 
83,950 kWh/year 

Poipet 
PS_FS_01 
75 kWh/day 
27,375 kWh/year 

PS_FM_03 
638 kWh/day 
233,016 kWh/year 

45 At this stage of the study, the consumption of the pumping stations is assumed to be 

constant throughout the year. The hourly consumption pattern is presented in Figure 11.  

Figure 11: Hourly Consumption – Pumping Stations 

 

1.2.3. Landfill sites  

46 The details of Landfill infrastructures consumptions are provided in Table 11 and Table 

12.  

Table 11: Bavet Landfill Infrastructures – Energy Consumption 

 Daily Consumption 
[kWh/day] 

Annual Consumption 
[kWh/year] 

Landfill Non-process  173 60,000  
Leachate disposal 30 10,950 
  Recirculation pump 6 2,190 
  Flare stack 24 8,760 

Table 12: Poipet Landfill Infrastructures – Energy Consumption 

 Daily Consumption 
[kWh/day] 

Annual Consumption 
[kWh/year] 

Landfill Non-process  173 60,000  
Leachate disposal 96 35,040 
  Recirculation pump 16 5,840 
  Flare stack 80 29,200 
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47 At this stage of the study, the consumption of the Solid Waste Infrastructures is 

assumed to be constant throughout the year. The hourly consumption pattern is presented in 

Figure 12 and Figure 13  

Figure 12: Bavet SWM – Hourly Energy Consumption 

 

Figure 13: Poipet SWM – Hourly Energy Consumption 

 

1.3. Assumptions 

1.3.1. Sunshine Assumption 

48 The sunshine data are taken from Bavet and Poipet PVGIS data 

(https://re.jrc.ec.europa.eu/pvg_tools/fr/#PVP). 
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Figure 14: Sunshine Data in Cambodia (Point in Bavet) 

 

Source: PVGIS Data, 2020 

49 Electricité du Cambodge (EDC) considers that solar energy has a particularly high 

potential in Cambodia, with an average of 5 kWh per square meter per day and an average 

sunshine duration of 6-9 hours per day4. Figure 15 and Figure 16 present the monthly sunshine 

radiation in Bavet and Poipet used for the calculations in this study.  

                                                
4 Government of Cambodia. Scaling-up Renewable Energy for Low Income Countries Program 
Investment Plan for the Kingdom of Cambodia. Phnom Penh.  



 
 

Figure 15: Monthly Solar radiation in Bavet 

 

Source: PVGIS Data, 2020 

Figure 16: Monthly Solar radiation in Poipet 

 

Source: PVGIS Data, 2020 

1.3.2. Photovoltaic Panels  

50 The following assumptions have been adopted, with respect to PV panels:  

(i) High-efficiency panels are used, with a capacity of 300Wp per unit. 

(ii) The configuration is "Off-grid." There is no connection between the solar panels 
and the electrical grid. 

(iii) A margin of 15% is added to the PV panels production to meet the infrastructures 
needs. 

(iv) The PV plant sites are not subject to any shading, particularly from surrounding 
vegetation. 

(v) The panel inclination is fixed to 35°, and the azimuth is fixed to 10° (optimal 
inclination computed from PVGIS data). 
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(vi) 70% of the roof is available for the installation of the panels, to take into account 
the presence of other technical equipment, pathways, and maintenance access 
required. 

1.3.3. PVGIS Assumptions 

51 PVGIS calculates the off-grid PV energy production taking into account the solar 
radiation for every hour over several years. The calculation is done in the following steps: 

(i) For every hour, calculate the solar radiation on the PV module(s) and the PV 
power. 

(ii) If the PV power is greater than the energy consumption, store the rest of the energy 
in the battery. 

(iii) If the PV power is less than the energy consumption, get the missing energy from 
the battery. 

(iv) If the battery becomes full, calculate the energy "wasted" because the PV power 
could be neither consumed nor stored. 

(v) If the battery becomes empty, calculate the missing energy and add the day to the 
count of days where the system ran out of energy. 

1.4. PV Panel Configurations/Scenarios 

1.4.1. WWTP 

52 Three layouts of solar panels were studied:  

(i) Scenario 1: the roofs of the WWTPs buildings are used to install the solar panels. 
The energy self-consumption ratio will be computed; 

(ii) Scenario 2: the solar panel layout is designed and coupled with batteries to cover 
the needs of the WWTP ; and 

(iii) Scenario 3: the solar panel layout is optimized to cover a part of the needs of the 
WWTP without storage batteries. 

Scenario 1: WWTP sites - Solar panels on the roofs of the Administrative buildings. No 

Battery.  

53 Based on the WWTP layout (Figure 17 and Figure 18), it is assumed that the 

Administrative buildings (i.e., n°11 in Bavet and n°20 in Poipet) and the Motors Control Center 

(MCC) buildings (i.e., n°12 in Bavet and n°21 in Poipet) can receive photovoltaic modules. 

The total area of the two roofs is 125 m2 in each city.  

54 Based on the 70% ratio, the usable roof surface is therefore 88 m2 (for Bavet and 
Poipet). The 12° slope will allow an active surface of 90 m2 = 56 panels = 17kWp.  



 
 

Figure 17: Bavet WWTP – Horizon 2030 

 

Figure 18: Poipet WWTP – Horizon 2030 
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Table 13: WWTP – Available Roof area for PV Panels 

 Bavet Poipet 
PV Power installed  17 kWp 17kWp 
PV Annual production 22,905 kWh/year 22,722 kWh/year 
WWTP Annual consumption 134,088 kWh/year 1,990,016 kWh/year 
Self-consumption achieved 17 % 1.1 % 

Note: self- consumption: Energy produced by the PV plant / Total electricity needs 

55 This design provides an annual autonomy of 17%, which means that ~1/6 of the needs 

are covered by local production, the rest being purchased on the network.  

56 At Poipet, due to the high energy consumption of the WWTP process, the available 

roof surfaces would allow the installation of solar panels to cover only 1.1% of the energy 

required. 

57 Self-consumption is at 100% because the needs are much higher than the maximum 

yield produced by the plant.    

58 The figures below illustrate the gap between the photovoltaic production and the 

energy needs of the wastewater treatment plant in the two cities. Note that in Poipet, the scale 

of the bars is not the same for production and needs, for graphical purposes. 

Figure 19: Bavet – Scenario 1 - Daily Energy Balance 

 

Figure 20: Poipet – Scenario 1 - Daily energy balance 
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Scenario 2: WWTP – Autonomous PV energy production.  

59 In this scenario, the PV capacity to be installed (and the corresponding area) is 

calculated based on the energy requirements of the WTTP process. In order to achieve a full 

self-consumption rate (i.e., 100%), batteries must be installed to store the excess energy 

produced by the solar panels during the day and distribute it at night (Figure 8 above presents 

the shift between energy requirements and sunlight hours).  

60 The energy needs of the WWTPs are described in section III.1.2.1.   

61 Table below presents the required PV set to be installed and with the corresponding 

battery to ensure a full energy self-consumption of the WWTPs.    

Table 14: WWTP - PV panels and Battery – Self-consumption Achieved 

 Bavet Poipet 
WWTP Annual consumption 134,088 kWh/year 1,990,016 kWh/year 
Required PV Capacity 220 kWp 1,740 kWp 
PV Surface 570 m2 9,270 m2 
Required Area 1,120 m2 16,700 m2 
Storage 300 kWh 4,206 kWh 
Self-Consumption Achieved 100 % 100% 

Note: self-consumption: Energy produced by the PV plant / Total electricity needs 

62 Bavet. This solar panel layout corresponds to 1,120 m2 of land for a capacity of 220 

kWp, and with a storage capacity of 300 kW. The layout of this configuration is represented in 

Figure 21 below. 

63 Poipet.  To reach the energy autonomy of the WWTP, the capacity of the solar plant 
has to be 1,740 kWp; which corresponds to a PV surface of 9,270 m2 and a floor surface of 
16,700 m2 
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Figure 21: Bavet – Scenario 2 – Storage Batteries - Solar plant Right-of-way 

 

Figure 22: Poipet – Scenario 2 - Storage Batteries – Solar plant Right-of-way (blue rectangle) 

 
 



 
 

64 Figure 23 presents a summary for some facilities:  

(i) the daily energy consumption (kWh/day, X-axis); 

(ii) the PV Surface required to reach a complete self-consumption ratio (100%) (m2, 
Y-axis); and 

(iii) the Battery capacity is required to reach a complete self-consumption ratio (100%) 
(kW). 

Figure 23: WWTP - PV Surface and Battery Capacity 

 

65 The minimum area required is 1,830 m2 to supply Bavet WWTP (Process and non 

process), and the maximum is 16,700 m2 at Poipet to supply the WWTP. To achieve 100% 

self-consumption, it has been shown in this section that storage is required, which implies the 

installation of large capacity batteries (from 300kWh for WWTP in Bavet to 4,200 kWh for the 

Poipet WWTP). 

66 This scenario is deemed suitable for Poipet WWTP due to the important energy needs, 

resulting in a PV surface of 9,270 m2 and a storage capacity of 4,206 kWh  

Scenario 3: WWTP – Optimal PV production, without batteries.  

67 To achieve a complete self-consumption, it was shown that batteries must be installed 

on the sites. As shown in the summary, the capacity of the batteries is very large, which would 

result in high operating and maintenance costs.  

68 The objective of this section is to present the possibility of installing on-site PV panels 

without batteries. Since energy production does not always match energy needs, and storage 

in this scenario is no longer an option, excess energy production will have to be fed back into 

the electricity grid.  

69 Due to the shift between energy needs and solar radiation, the installed PV power will 

not be able to cover 100% of the needs. Figure 24 below shows the ratio [PV energy consumed 
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by the infrastructure / total energy requirement] versus the installed PV power. Note that a 

plateau is always reached. 

Figure 24: WWTP – Self-Consumption ratio – No Battery 

Note: For presentation reasons, the value of the plateau (i.e., 41% at 3,000 kWp) is not shown on the figure of the Poipet 

WWTP photovoltaic panels.   

70 As shown in Figure 24 this technical configuration results in a plateau on the energy 

needs coverage. To optimize the size of the photovoltaic installation, it is proposed to 

determine the photovoltaic power installed at 75 percent of the plateau value. 

71 Without the battery installed, the PV panels could therefore cover from 31 percent of 

Poipet WWTP process daily energy needs (75 percent of 41 percent which is the plateau 

value) to 61 percent for Bavet WWTP.  

72 It is not recommended to use PV panels for the needs of the Poipet wastewater 

treatment plant due to the high cost of implementation and the low energy requirements 

covered (31 percent),  

Table 15: WWTP - Optimal PV Installed Power – No Battery 

    

Installed 
Power 

Energy Produced 
and Consumed 

Ratio 
Daily 

Needs 

PV 
Surface 

Floor 
Surface 

  kWp kWh/day % m2 m2 

Bavet WWTP  100 260 61% 160 288 

Poipet WWTP – Non Process 90 179 54% 144 259 
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Conclusion on the scenario WWTP 

73 For ease of operation and maintenance, it is proposed to follow the scenario 3. This 

scenario will meet only a part of the energy needs for the following wastewater infrastructures:  

(i) WWTP Bavet;  

(ii) Pumping Station n°6 Bavet (with PV panels being implemented at the nearby 
WWTP site); and 

(iii) WWTP non process Poipet.  

74 Installation of high capacity batteries would increase the O&M costs of the wastewater 

system. The proposed configuration does not include batteries.  

1.4.2. Pumping Stations 

75 Two layouts of solar panels were studied:  

(i) Scenario 1: the solar panel layout is designed and coupled with batteries to cover 
the needs of the Pumping Stations; and 

(ii) Scenario 2: the solar panel layout is optimized to cover a part of the needs of the 
Pumping Stations without storage batteries. 

Scenario 1: PS – Autonomous PV energy production. 

76 In each city, the energy needs are computed for the pumping stations having the lowest 

and highest installed power. This gives a range of PV plant size.  

77 To achieve a complete (i.e., 100 percent) self-consumption rate, batteries must be 

installed to store the excess energy produced by the solar panels during the day and to 

distribute it at night (Figure 8 in section III.1.1  presents the shift between energy requirements 

and sunlight hours). The PV panels capacity and corresponding batteries that have to be 

installed to reach this ratio are presented in Figure 25 below.  

Figure 25: PS - PV Surface and Battery Capacity 
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78 The minimum area required is 190 m2 to supply Bavet pumping station n°1 and the 

maximum is 3,840 m2 to supply Poipet pumping station FM_03. To achieve 100 percent self-

consumption, it has been shown in this section that storage is required, which implies the 

installation of batteries (from 12 kWh for pumping station n°1 in Bavet to 450 kWh for the 

Poipet pumping station FM_03). 

Scenario 2: PS – Optimal PV production, without batteries. 

79 As the pumping stations are mainly located in urbanized areas, and considering that 

land acquisition would be an issue, it is not recommended to install PV panels on the pumping 

station sites. An exception will be made for Bavet Pumping Station 6 (PS_FS_06), which will 

be partially powered by dedicated PV panels installed on the site adjacent to the WWTP   

80 As presented in the previous section III.1.4.1, the self-consumption ratio is reached a 

plateau when increasing the installed PV power. As explained before, this is due to the shift 

between energy needs and solar radiation hours. For the pumping station n°6, the plateau is 

about 63%.  

Figure 26: PS – Self-Consumption ratio – No Battery 

 

81 It is recommended to install a PV capacity correspond to 75 percent of this plateau 

value. The corresponding self-consumption ratio is 47 percent (75 percent of 63 percent), and 

is reached for the installed PV power of 80 kWp.  

Table 16: Table 17: Optimal PV Installed Power – No Battery 

 Pumping Station 
Installed 
Power 

Energy 
Produced 

and 
Consumed 

Ratio 
Daily 

Needs 

PV 
Surface 

Floor 
Surface 

  kWp kWh/day % m2 m2 

Bavet PS_06 80 110 47% 128 230 

Poipet No pumping Station supplied by PV panels 

1.4.3. Landfill Sites  

82 For Bavet and Poipet, the PV panels and battery capacity to be installed is computed 

to provide energy to the different part of the landfill infrastructure:  

(i) Landfill Building (AC, ventilation, instrumentation, penstocks, etc.); 
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(ii) Leachate disposal (flare stack and recirculation pump);. 

83 To achieve a complete (i.e., 100 percent) self-consumption rate, batteries must be 

installed to store the excess energy produced by the solar panels during the day and to 

distribute it at night (Figure 8 in section III.1.1  presents the shift between energy requirements 

and sunlight hours).  

84 As described in previous sections, the implementation of battery is not recommended 

under this study due to the high O&M costs. Further investigation will have to be carried out 

at the DED stage. As a result, the self-consumption of 100 percent could not be reached. 

Table 18 and Table 19 present for each infrastructure the required PV capacity that must be 

installed to achieve a full self-generation energy ratio. The corresponding area (m2) is also 

indicated.  

Table 18: Bavet Landfill Infrastructure – PV panels and Batter 

 Landfill Building Landfill  
Item Annual consumption 60,000 kWh/year 10,950 kWh/year 
PV Capacity 90 kWp 20 kWp 
PV surface 144 m2 32 m2 
Required Area 259 m2 58 m2 
Self- consumption Achieved 69 % 77 % 

Note: self- consumption: Energy produced by the PV plant / Total electricity needs 

Table 19: Poipet Landfill Infrastructure – PV panels and Battery 

 Landfill Building Landfill 
Item Annual consumption 60,000 kWh/year 35,040 kWh/year 
Required PV Capacity 90 kWp 40 kWp 
PV surface 144 m2 64 m2 
Required Area 259 m2 115 m2 
Self- consumption Achieved 69 % 100 % 

Note: self- consumption: Energy produced by the PV plant / Total electricity needs 

1.5. Summary  

85 The costs of implementing this technical solution are presented in the table below. The 

installation cost, including materials and labor, is provided based on chinese PV panels.  

86 Due to the location of the PV plants, only the sewage treatment plant and Landfill will 

be partially-powered by PV electricity. Due to its proximity with the WWTP, the pumping station 

n°6 of Bavet will also be supply by PV panels, which will be installed at the WWTP site 

87 To facilitate the implementation, it was proposed to place the photovoltaic modules 

near the main sites (i.e., the site of the wastewater treatment plant and the landfill site). Part 

of the energy needs of these sites will therefore be covered by local photovoltaic production, 

while the rest will be purchased from the electricity grid. The excess photovoltaic production 

will be lost unless an agreement is reached with EDC. 

88 In  Table 20, the following amounts are presented:  

(i) Estimated cost. Installation cost, including materials and labor; 

(ii) Energy savings. These are the annual savings between the no battery scenario 
(fully purchased from the grid) and the current PV scenario.  

(iii) Remaining electricity to be purchased from grid 
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89 The table below provides a summary of the proposed photovoltaic installations that 

could be implemented. The investments would represent US$297,000 in Bavet for the PV 

plant at the WWTP (US$148,500 in Poipet) and US$181,500 for the one at the Bavet Landfill 

site (US$214,500 in Poipet).  

Table 20: PV Panels Costs and Savings 

  

Installed 
Power 

Floor Space 
Required 

Estimated 
Cost 

Energy 
Provided 

by PV 
panels 

 

Remaing 
electricity (not 

provided by 
PV Panels) 

  kWp m2 $ kWh/d kWh/d 

Bavet 
WW 

WWTP  100 288 165,000 224 143 
PS_06 80 230 132,000 70 79 
TOTAL 180 518 297,000 294 222 

Bavet 
SWM 

Landfill - 
Offices 

90 259 148,500 1,741 7,462 

Landfill - 
Leachate 
Disposal 

20 58 33,000 505 1,657 

TOTAL 110 317 181,500 2,246 9,119 

Poipet 
WW 

WWTP - 
Non 
Process 

90 259 148,500 78 66 

Poipet 
SWM 

Landfill - 
Offices 

90 259 148,500 1,741 7,462 

Landfill - 
Leachate 
Disposal 

40 116 66,000 1104 2,079 

TOTAL 13 375 214,500 2,845 9,541 

2. Energy Comparison 

90 This section aims to compare the cost difference between the two sources of electricity:  

(i) electrical grid; and 

(i) diesel fuel generator. 

91 The assumption is the following:  

(i) The electricity cost/kWh is 0.22 in Poipet and 0.115 in Bavet5. 

(ii) The diesel cost/liter is $1.19/l in both cities in 2011 and $0.85/l in 20206.  

(iii) A safety margin of 30% is taken for the choice of the generator capacity regarding 
the WWTP installed power. 

(iv) As the generator would work as the main source of energy, only 80% of its maximal 
capacity will be used. 

 

 

 

  

                                                
5 Council for the development of Cambodia, website: http://www.cambodiainvestment.gov.kh/why-invest-in-
cambodia/investment-enviroment/cost-of-doing-business/utility-cost.html 
6 PTT Cambodia, website: http://www.pttcambodia.com/oil-price.aspx  



 
 

92 The WWTPs energy needs in Bavet and Poipet are the following:  

Table 21: WWTPs installed power 

93 Table 22 shows diesel consumption as a function of generator size and load. Based 

on the above assumption, a generator of 80kW for Bavet and 640kW for Poipet are selected. 

94 Diesel fuel consumption for the operating point is calculated by interpolating the values 

in Table 22 for both generators. It is recommended that the functioning point should not be 

above the 80% load limit. In Poipet, a 400 kW generator would require an operating point of 

96% of the maximum load to meet the needs (i.e. 385 kW including safety margin). It is 

therefore recommended to use a 640 kW generator, which is the superior model in terms of 

capacity in conventional sizes (Table 22 above). This one would have a 60% load functioning 

point.     

Table 22: Diesel Fuel Consumption 

95 The comparison of the two methods is presented in Table 23. To provide the same 

amount of power to the equipment, the fuel-fired generator will cost 150% more than the 

electrical grid in Bavet and 61% more in Poipet (partly because the electrical cost in Poipet is 

twice as high as in Bavet). 

 

 

 

 Bavet Poipet 
Installed Power 41 kWh 296 kWh 
Daily Energy consumption 367 kWh 5,452 kWh 
Monthly Energy consumption 11,174 kWh 165,835  kWh 
Annual Energy consumption 134,088kWh 1,990,020 kWh 

Bavet 

Poipet 
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Table 23: Comparison of Electrical sources 

 Bavet Poipet 

Installed power with a safety margin  62 kW 385 kW 

Generator size 80 kW 640 kW 

Functionning point (% load) 80% 60% 

Power at functioning point 64 kW 384 kW 

Diesel consumption 18l/h 103 l/h 

Average working time 8.8h  22 h 

Annual cost from generator $49,278 $706,320 

Resulting Fuel Cost 0.35$/kWh 0.36$/kWh 

Electricity cost $0.11/kWh $0.22/kWh 

Annual cost from electrical grid $16,290 $437,796 

  



 
 

APPENDICES 

1. Detailed unit costs  

Table 24: Detailed unit costs 

  Item Description  Unit   Unit rate ($)  

1.2 General   

    
Contractor mobilization/demobilization, site overheads, 
admin, and profit     

1.2 Earthworks     

    Stripping of trees and vegetation sq.m.                1.00    

    Topsoil stripping and onsite stockpiling cu.m.                2.50    

    Bulk excavation in soils and transport to stock or for reuse cu.m.                4.00    

    
small-scale excavation (<10m3) in soils and transport to 
stock or for reuse cu.m.                7.50    

    
Bulk excavation in soft rock and transport to onsite stockpile 
or reuse cu.m.              12.00    

    
Bulk excavation in hard rock and transport to onsite 
stockpile or reuse cu.m.              20.00    

    
General backfilling, including transport from onsite stockpile 
and compaction cu.m.                6.11    

    
Embankment (<6m) backfilling, including transport from 
onsite stockpile and compaction sq.m.                6.00    

    
small-scale backfill (<2m height) for separation bund 
between cells sq.m.                5.00    

    Surface trimming of excavation or backfill surfaces sq.m.                4.50    

    Topsoil placing from onsite stockpile sq.m.                4.00    

    Re-seeding sq.m.                2.50    

    blinding concrete (slab 10cm thickness) sq.m.              10.00    

    Trench shoring (if depth > 1.3m) m                5.00    

    Supply, place & compact subbase  (5/15 mm) cu.m.              25.00    

    Supply, place & compact backfill  (14/20 mm) cu.m.              20.00    

    
Concrete C35/40 blinding concrete slab, box-culvert 
separation) cu.m.            120.00    

    Wet material excavation cu.m.                8.00    

    Dried material evacuation cu.m.                4.00    

1.3 Road Works     

    Demolition of existing road sq.m.                6.00    

    Concrete kerbstone m              10.00    

    
Supply, placing and compaction of sub-base (0/20 mm 
15cm) sq.m.                5.00    

    
Supply, placing and compaction of wearing course (asphalt 
20cm) sq.m.              20.00    

    
Supply, placing and compaction of wearing course 
(concrete 20cm) sq.m.              40.00    

    Excavate stormwater drainage ditch (1m x 1m) cu.m.              12.00    

1.4 Networks Falicities     

    Manhole DN800 including cast iron buffers pcs         1,200.00    

    Manhole DN1000 including cast iron buffers pcs         1,500.00    

    Construction of individual PVC wastewater connection pcs            720.00    

    Catchpit grid              720.00    
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  Item Description  Unit   Unit rate ($)  

1.5 Supply and laying of pipes/culverts     

    Supply & install HDPE geomembrane liner (2mm) sq.m.                6.00    

    Supply & install protection geotextile (800g/m²) sq.m.                3.00    

    Supply and placing of gravel drainage layer (20/40mm) sq.m.              10.00    

    
Supply and placing of HDPE leachate drainage pipe 
(dia.200mm) lin.m.              65.00    

    
Supply and placing of HDPE leachate pumping main 
(dia.63mm) lin.m.              15.50    

    Supply and placing of PVC DN200mm lin. m.              23.00    

    Supply and placing of PVC DN250mm lin. m.              33.00    

    Supply and placing of PVC DN315mm lin. m.              46.00    

    Supply and placing of PVC DN400mm lin. m.              89.00    

    Supply and placing of PVC DN500mm lin. m.            146.00    

    Supply and placing of PVC DN700mm lin. m.            261.00    

    Supply and placing of PVC DN930mm lin. m.            353.00    

    Supply and placing of HDPE DN110mm - PN16 lin. m.              13.00    

    Supply and placing of HDPE DN160mm - PN16 lin. m.              28.00    

    Supply and placing of HDPE DN200mm - PN16 lin. m.              44.00    

    Supply and placing of HDPE DN250mm - PN16 lin. m.              74.00    

    Supply and placing of HDPE DN315mm - PN16 lin. m.            117.00    

    Supply and placing of HDPE DN400mm - PN16 lin. m.            191.00    

    
Supply and placing of prefabricated concrete (C35/45) box 
culvert - w:200 x H:100 lin.m.         1,150.00    

    
Supply and placing of prefabricated concrete (C35/45) box 
culvert- w:250 x H:150 (used in GMS) lin.m.         1,400.00    

    
Supply and placing of prefabricated concrete (C35/45) box 
culvert- w:300 x H:150 (used in GMS) lin.m.         1,600.00    

    
Supply and placing of prefabricated concrete (C35/45) box 
culvert- w:200 x H:200 (used in GMS) lin.m.         1,600.00    

    
Supply and placing of prefabricated concrete (C35/45) box 
culvert- w:200 x H:300 (used in GMS) lin.m.         2,000.00    

1.6 Infrastructure/Equipment                      -      

    Perimeter fence, chainlink 1.8m high m              50.00    

    Entrance gate, 6m width item         2,500.00    

    Fence around Leachate Pond, chainlink 1.8m high m              50.00    

    Entrance gate, 4m width item         2,000.00    

    20' standard container for storage of hazardous waste item                    -      

    
Leachate pumping station - recirculation (concrete rings 1m 
dia., 3m depth, capacity 2-4 m3/h) item       10,000.00    

    weighbridge (30t capacity) item       15,000.00    

    landfill gas well (12m depth) no                    -      

    landfill gas secondary collection pipe (HDPE 110mm) m              40.00    

    landfill gas main collector pipe (HDPE200mm) m              65.00    

    Landfill gas flare unit (250m3/h) item                    -      

    Garage (10m x 25m, single story) item       11,500.00    

    Site reception  building (3m x 5m office type, single story) item         5,000.00    

    Civil engineering lp                    -      

    Metalic concrete reinforcing kg                0.90    

    Concrete volume cu.m.              90.00    

    Lifting boom and hauling rope item         1,000.00    

    Water hammer surge tank (Water Storage Tank) item            900.00    



 
 

  Item Description  Unit   Unit rate ($)  

    
(Standby) Electricity generator - Emergency power system 
(40kVA) item       13,000.00    

    Hydrogen sulfide treatment module (air compressor) item                    -      

    Instrumentation lp         5,000.00    

 

2. Unit cost comparison – Pipe works related depending on depth 

96 Table 25 provide a comparison of the unit costs used in LCIP project.  
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Table 25: Complete unit costs database comparison 

      

 
Physical  GMS2 Comments Batambang Comments 

Serei 
Saophoan Comment 

     Unit   Unit rate ($)     Unit rate ($)     Unit rate ($)    

1 Earthworks             

    Stripping of trees and vegetation sq.m.               0.50                            1.00    & 70 per tree  

    Topsoil stripping and onsite stockpiling cu.m.               3.00             

    
Bulk excavation in soils and transport 
to stock or for reuse cu.m.               5.00                   1.50          

    
small-scale excavation (<10m3) in soils 
and transport to stock or for reuse cu.m.             

    
Bulk excavation in soft rock and 
transport to onsite stockpile or reuse cu.m.             12.00                          32.00     

    
Bulk excavation in hard rock and 
transport to onsite stockpile or reuse cu.m.             70.00             

    
General backfilling, including transport 
from onsite stockpile and compaction cu.m.               2.00                   4.50    

 Backfilling of selected 
Sub-Grade Material                     5.50     

    

Embankment (<6m) backfilling, 
including transport from onsite 
stockpile and compaction sq.m.             

    
small-scale backfill (<2m height) for 
separation bund between cells sq.m.             

    
Surface trimming of excavation or 
backfill surfaces sq.m.             

    Topsoil placing from onsite stockpile sq.m.             

    Re-seeding sq.m.             

    blinding concrete (slab 10cm thickness) sq.m.             

    Trench shoring (if depth > 1.3m) m             

    
Supply, place & compact subbase  
(5/15 mm) cu.m.             22.00             



 
 

      

 
Physical  GMS2 Comments Batambang Comments 

Serei 
Saophoan Comment 

    
Supply, place & compact backfill  
(14/20 mm) cu.m.                          12.00     

    
Concrete C35/40 blinding concrete 
slab, box-culvert separation) cu.m.           165.00             

    Wet material excavation cu.m.                   1.50          

    Dried material evacuation cu.m.               3.00                   1.50          

2 Road Works               

    Demolition of existing road sq.m.                            4.00    /cu.m  

    Concrete kerbstone m             

    
Supply, placing and compaction of sub-
base (0/20 mm 15cm) sq.m.               5.00                            2.00     

    
Supply, placing and compaction of 
wearing course (asphalt 20cm) sq.m.                 35.00     7cm      

    
Supply, placing and compaction of 
wearing course (concrete 20cm) sq.m.             33.00                 10.00     Class B1                   16.00     

    
Excavate stormwater drainage ditch 
(1m x 1m) cu.m.             

3 Networks Falicities               

    
Manhole DN800 including cast iron 
buffers pcs             

    
Manhole DN1000 including cast iron 
buffers pcs        1,350.00            1,320.00          

    
Construction of individual PVC 
wastewater connection pcs           774.00               716.38          

    Catchpit grid               

4 Supply and laying of pipes/culverts               

    
Supply & install HDPE geomembrane 
liner (2mm) sq.m.             

    
Supply & install protection geotextile 
(800g/m²) sq.m.               3.00             

    
Supply and placing of gravel drainage 
layer (20/40mm) sq.m.             22.00    cu.m          
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Physical  GMS2 Comments Batambang Comments 

Serei 
Saophoan Comment 

    
Supply and placing of HDPE leachate 
drainage pipe (dia.200mm) lin.m.             

    
Supply and placing of HDPE leachate 
pumping main (dia.63mm) lin.m.             

    Supply and placing of PVC DN200mm lin. m. 

Provided cost including earthworks, refer to II.3 for details 

    Supply and placing of PVC DN250mm lin. m. 

    Supply and placing of PVC DN315mm lin. m. 

    Supply and placing of PVC DN400mm lin. m. 

    Supply and placing of PVC DN500mm lin. m. 

    Supply and placing of PVC DN700mm lin. m. 

    Supply and placing of PVC DN930mm lin. m. 

    
Supply and placing of HDPE 
DN110mm - PN16 lin. m.             

    
Supply and placing of HDPE 
DN160mm - PN16 lin. m.             

    
Supply and placing of HDPE 
DN200mm - PN16 lin. m.                 18.40     PN8                   20.10    PN8  

    
Supply and placing of HDPE 
DN250mm - PN16 lin. m.             80.00   

 With 
earthworks              28.80     PN8                   32.00    PN8  

    
Supply and placing of HDPE 
DN315mm - PN16 lin. m.                 57.50     D355 PN8                   49.50    D355 PN8  

    
Supply and placing of HDPE 
DN400mm - PN16 lin. m.                 92.00     D450 PN8                   82.50    D450 PN8  

    

Supply and placing of prefabricated 
concrete (C35/45) box culvert - w:200 x 
H:100 lin.m.             

    

Supply and placing of prefabricated 
concrete (C35/45) box culvert- w:250 x 
H:150 (used in GMS) lin.m.             

    

Supply and placing of prefabricated 
concrete (C35/45) box culvert- w:300 x 
H:150 (used in GMS) lin.m.             



 
 

      

 
Physical  GMS2 Comments Batambang Comments 

Serei 
Saophoan Comment 

    

Supply and placing of prefabricated 
concrete (C35/45) box culvert- w:200 x 
H:200 (used in GMS) lin.m.                     1,460.00     

    

Supply and placing of prefabricated 
concrete (C35/45) box culvert- w:200 x 
H:300 (used in GMS) lin.m.             

5 Infrastructure/Equipment               

    Perimeter fence, chainlink 1.8m high m             55.00                 65.00                       30.00     

    Entrance gate, 6m width item        1,750.00               900.00                  1,250.00     

    
Fence around Leachate Pond, 
chainlink 1.8m high m             55.00                 65.00                       30.00     

    Entrance gate, 4m width item           950.00               600.00          

    
20' standard container for storage of 
hazardous waste item             

    

Leachate pumping station - 
recirculation (concrete rings 1m dia., 
3m depth, capacity 2-4 m3/h) item             

    weighbridge (30t capacity) item             

    landfill gas well (12m depth) no             

    
landfill gas secondary collection pipe 
(HDPE 110mm) m             

    
landfill gas main collector pipe 
(HDPE200mm) m             

    Landfill gas flare unit (250m3/h) item             

    Garage (10m x 25m, single story) item             

    
Site reception  building (3m x 5m office 
type, single story) item             

    Civil engineering lp             

    Metalic concrete reinforcing kg             

    Concrete volume cu.m.             80.00    180kPa              50.00     Classe "E"                   74.00   
 Classe "E"; 
109 Class B1  

    Lifting boom and hauling rope item             
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Physical  GMS2 Comments Batambang Comments 

Serei 
Saophoan Comment 

    
Water hammer surge tank (Water 
Storage Tank) item             

    
(Standby) Electricity generator - 
Emergency power system (40kVA) item      25,500.00    100kVA       25,000.00     80kVA            15,000.00    40kVA  

    
Hydrogen sulfide treatment module (air 
compressor) item             

    Instrumentation lp             

6 Equipment, Vehicles, Furniture               

    landfill waste compactor (23 - 28t) item             

    trackloader (13 - 18t) item             

    excavator (12 - 14t) item                 110,000.00     

    dumper truck (12 - 16m3) item             

    pick-up truck item          40,000.00                45,000.00     

    Vacuum Truck item        200,000.00              200,000.00     

    Utilities Truck  item             



 

 


