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ABSTRACT 

 

Project and its environment are connected each other, including for mining activities that 

require land clearing for support facilities area such as access road. For minimizing negative 

impact from project activities to the environment, it is required regulation from government 

and financial institution that obligate integration between planning mitigation for 

environment which refers to available standard compliances with project plan. In this paper 

the Author described the application of environmental compliance standard published by IFC 

using project case study for mining road in Indonesia. Cost associated for environment 

mitigation based on IFC standard compliance presented in estimation process following GAO 

steps process for order of magnitude comparison with available database.  

 

Keywords: environmental, IFC standard compliances, mining road construction project, dust 

control, noise control, land use and erosion control, waste water impact and sediment control, 

GAO cost estimation process, environmental mitigation cost  

 

 

INTRODUCTION 

 

In many countries, mining activities would affect the environment conditions in their vicinity 

from exploration to exploitation stage such as land clearing activity for roads, camps, 

processing plant and other facilities. This impact will have greater influence for forest 

environment and can’t be avoided since mining industry will take places mostly on this area. 

Road construction as one of mining key elements, damaging the forest since their location 

will lies over in length of forest footprint following the design requirements. Good road 

design will take into account this matter through the design process including additional cost 

for mitigation as the consequences, in order to have a minimum impact for forest destruction 

and the habitats
1
. Generally the cost for environmental mitigation is not anticipated in 

common cost estimation process and put this cost as risk reserve. Therefore, it is very 

difficult to find environment cost record whereas cost for road directly connected with the 

environment
2
. For Indonesia as the third rank of tropical forest in the World, mining activities 

either regulated or not regulated is one of operation industries that contribute to the forest 

destruction
3
 and required immediate action to prevent it from getting worst. One of 

significant action identified for prevention, is regulating mining activities by rules as 

mandatory condition, either by government (in this case the Indonesian Government) or by 

financial institution such as the World Bank. The term from the Indonesian Government will 

give any mining companies permit for land access and operation, while the World Bank 

through their International Finance Corporation (IFC) standard requirements for the access to 

investment capital. By using both strategies will encourage any mining companies apply 

environmental standards in their project investment process.   
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In this paper, the Author main target is giving brief description of IFC application in project 

cost limited for mining road during construction stage, as small contribution to all effort for 

problem solutions concerning mining and environmental problems. With project case study, 

the Author will provide answers for two specific research questions as follows: 

 

 What are the IFC standard compliances for mining road construction project 

 How to calculate the cost of environmental mitigation for mining road construction 

project following IFC standard compliances.      

 

IFC Standard Compliances for Mining Road Project  
 

Brief Description of IFC Standard Compliances 

 

IFC is a member organization of the World Bank members that focuses on the private sector 

for developing countries
4
. IFC was founded in 1956 and currently has 184 member states 

including Indonesia with one main vision to ensure environmental sustainability.  

 

IFC provides Environmental, Health and Safety (EHS) guidelines that can be easily accessed 

on their website. There are general and specific EHS guidelines for several industries 

including mining which contains EHS elements with performance indicators and monitoring 

actions. Depending on the project conditions, local standards sometimes also used as 

reference for consideration because generally IFC requirements are always higher than these 

standards, which will affect the project cost (in this case standards published by the Ministry 

of Environment Indonesia).  

 

In order to establish mitigation actions, should be required the interpretation of some relevant 

guidelines due to the limitation of specific document scope. For instance, scope of IFC 

mining guideline only apply for specific mining works: underground mining, open pit 

mining, alluvial mining and marine dredging except for quarry material extraction (IFC 

provides specific document for quarry material extraction). This guideline does not apply for 

ore processing plant facility or any other facilities required in the mining industry such as 

mining road. Therefore the interpretation for mining road should be done with the 

combination of IFC General EHS, Mining EHS and Toll Road EHS documents
5
.  

 

IFC Standard Compliances for Mining Road Construction 

 

Inside IFC Mining EHS document there are several environmental elements and sub elements 

topic listed with their recommended practices, which also covered by General and Toll Road 

EHS documents present in Table 1: 
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Table 1 Mining Potential Environmental Elements

6
 

Refer to these recommended practices, a set of mitigation actions can be formed with relevant 

environmental element topics for road construction in project document such as General 

Notes for execution guideline or Detail Information for engineering stage. Using these 

General Notes as bid document reference shall assist contractor composed their mitigation 

plan with the cost associated to client, and to be used further as contractor performance 

indicator besides common progress performance. 

 

Environmental elements related to the environmental aspects of mining road construction and 

mitigation actions
7
 can be described as follows: 

 

1. Element 1 Water Use and Quality 

 Sub Element 1.1 Water Use, 1.2 Water Quality and 1.3 Stormwater 

 Objectives: 

 Efficient raw water consumption. 

 Minimizing the negative impact of waste water or other waste 

discharge to the environment. 

 Mitigation Actions: 

 Install water recycling process system. 

 Install septic tank system with treatment process. 

 Install bund protection perimeter for fuel tanks.    

 Install oil or grease trap sumps with spill kits. 

 Install temporary drainage system for stormwater (side ditches, 

sand traps, sediment ponds). 

 IFC Requirements: 

Present in Table 2 the effluent limit values from IFC  
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   Table 2 IFC Effluent Limit Values

8
 

Special attention reqired for TSS limit value since this requirement is 

quite challenging for temporary design system compare with 

Indonesian requirement (100-200 mg/litre).  

 

2. Element 2 Wastes 

 Sub Element 2.2 General Non Hazardous Waste & 2.3 Hazardous Waste 

 Objective: 

 Minimizing the negative impact of wastes or litters to the 

environment. 

 Mitigation Actions: 

 Install waste bins with separation category. 

 Build centralized waste disposal area (litters and hazardous 

waste). 

 Assign licensed company for waste hazardous management and 

disposal. 

 IFC Requirement: no requirement 

 

3. Element 4 Land Use and Biodiversity 

 Sub Element 4.1 Terrestrial Habitats & 4.2 Aquatic Habitats 

 Objective: 

 Minimizing the negative impact of land clearing to soil, 

vegetation and fauna habitats. 

 Mitigation Actions: 

 Establish land clearing procedure as regulation. Deforestation 

can be performed with client approval for working request in 

advance and notification statement for immediate action with 

refurbishment plan. Cutting trees using dozing method should 

be minimized (more combination with hand chain saw 

method). Tree logs and top soil must be stored separately in 

dedicated area with proper maintenance plan. Burning method 

is not allowed for forest clearance.  

 Perform slope management plan for road sections. Slope is 

made with certain methods (safe slope angle, silt fence, 

benching, mulch or geofabric material, slope net...etc) to 

prevent soil erosion with drainage systems. 

 Revegetation effort can be discussed with contractor based on 

project conditions.  
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 If road section is located in a particular habitat, road design 

should consider additional crossing structure for the fauna. 

  Design for temporary river crossing structure must consider 

protection of river environment and must be submitted in 

advance for client approval.    

 IFC Requirement: no requirement 

 

4. Element 5 Air Quality 

 Sub Element 5.1 Dust 

 Objective: 

 Minimizing the negative impact of dust generated during 

construction process. 

 Mitigation Actions: 

 Apply dust supression system (wetting down for road sections 

and truck tyres, use of all weather surfaces for pavement). 

 Protect exposed soils and other erodible materials with mulch 

or geofabric (especially for non traffic areas). 

 Install wind fences wherever appropriate. 

 As much as possible construction traffic should stay on defined 

roads (stated in construction method of work). 

 IFC Requirement: 

No requirement from IFC. For consideration, Indonesian standard 

requirement is max 10 mg/m3 (breathing dust) and 5 mg/m3 

(inhalation dust) during eight hours dust measurement. 

 

5. Element 6 Noise and Vibration (no sub elements) 

 Objective: 

 Minimizing noise and vibration disturbance during construction 

process. 

 Mitigation Actions: 

 Install proper sound barriers and/or noise contaminents with 

enclosures and curtain close with source equipment. 

 Install natural barriers at facility boundaries such as vegetation 

curtains or soil berms. 

 When required blasting method, use as much as possible low 

explosive blasting energy type.  

 Traffic management (optimum or alternate route avoiding 

community area and apply speed limit regulation). 

 IFC Requirement: 

IFC standard is 60 dBA for operation areas (process plants, 

workshop...etc).   

 

In following section will be described cost calculation process of mitigation actions using 

project case study. Some unit costs taken from vendors proposal combined with existing unit 

costs from previous projects implemented on site. These unit costs then multiply with bill of 

quantity provided by design team and in the end change into percentage value for comparison 

with other project references.  
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Environmental Mitigation Cost Calculation for Project Case Study 
 

Project Data 

 

Case study selected for this paper is taken from one section of connection road to the 

processing plant area. The sequence descriptions of project data present as follows
9
: 

 

 Project Name Road to Processing Plant Section 2. 

 Project Description Total road length is 1.973 km and 10 meter pavement 

width divided into two lanes included shoulders. 

 Project Duration Estimated duration is six months from contract award. 

 Project Location  Halmahera North Maluku, Indonesia. 

 

 
Figure 1 Road Section Layout

10
 

 

 Environmental Mitigation Plan   

 

Identified mitigation plan for this project is described in following sections: 

 

 Dust Control 

There are many methods available for dust control. The most common method 

is watering road with short time coverage and others using salts or chemical 

solutions (petroleum emulsions, surfactants, adhesives and polymers) with 

longer period of coverage
11

. Based on information provided by available 

specialist for chemical solution
12

, average performance durations after 

application for active traffic area are between 12-18 months with EPA 

standard compliances equivalent with IFC requirement. Both methods had 

been selected for this project with application time strategy (chemical solution 

in advance and interval watering road during construction period), besides 

control application to vehicles or trucks (speed limit regulation, cover load 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/


PM World Journal                     Environmental Mitigation Cost for Mining Road Construction 
Vol. VI, Issue V – May 2017                                                in Indonesia according to IFC Standards 
www.pmworldjournal.net Featured Paper                        by Arif Permana  

 

 

 

 
© 2017 Arif Permana              www.pmworldlibrary.net Page 7 of 22 

with tarpaulin, maintain distance between trucks and proper maintenance 

plan). Temporary wind barrier fence from tarpaulin will be applied for top soil 

stock pile with maintenance effort during construction period.    

 
Figure 2 Example of Wind Barrier Fence

13
 

 

 Noise Control 

Project location is in distance and separate with local village, therefore no 

physical sound barrier required except control application for vehicles or 

trucks same as mention before and make sure all trucks will pass the defined 

construction road. 

 

 Waste Control 

Litters from separate bins will be collected in centralized waste area except for 

hazardous waste (should be handled by certified company). 

 

 Land Use and Erosion Control  

No expected crossing structures for fauna or rivers since project area doesn’t 

run through these critical areas. The implementation of forest clearance 

management as explained above with slope management and open areas 

protection are three important efforts for environmental control. For open 

areas protection, the combination techniques using silt fence and mulching 

(with grass or other local materials such as “nipah” roof) are the chosen 

methods for this project. 
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Figure 3 Methods for Open Areas Protection

14
 

 

 Waste Water Impact and Sediment Control 

 

Mitigation plan for this section was divided into two sub sections: 

 

 Installation oil sump unit for equipment workshop and bio septic tank unit 

for utilities. Finally, for fuel tanks earth bund wall should be made 

according to safety standards. The cost for these installations usually 

included in general expenditure or preliminary items and not separately 

charged as well as other work units. 
 

 The concept of temporary drainage system is made with combination using 

ditches and plastic membranes protection, rip rap transversal dike 

structures, sand traps and sediment ponds. Plastic membranes lining 

temporary ditches wall in order to prevent additional sediment volume 

while transversal dikes and sand traps will reduce the rate of sediment 

carried by water current. The remaining volume will be collected by 

sediment ponds at the end of drainage network with periodic maintenance 

and removal of sediment to be dumped in planned area. 
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Figure 4 Transversal Dike and Temporary V Ditch

15
 

 

For sediment ponds, design team applied Stokes formula where the rate of deposition of 

sediment grains modeled according gradation. This method gives more adequate result for 

TSS requirement according to IFC, compared with common Universal Soil Loss Equation 

(USLE) that only focus on the amount of sediment produced during certain period. 

 

Figure 5 Sediment Pond Structure with Maintenance
16
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Cost Calculation 

 

The process of calculating reliable mitigation cost estimate with respect to environmental 

elements that have been described previously were performed according to process developed 

by GAO as shown in following Figure 6:   

 

 
Figure 6 GAO Cost Estimation Process

17
 

 

As shown in Figure 6, there are 12 steps for estimation which can be adjusted depending on 

project stage. The steps used for project case study are presented in Table 3 with remarks to 

the steps that are not used. 

 

 
Table 3 GAO Cost Estimation Process for Project Case Study

18
  

Calculation stages follow the process as described above will be explained in the following 

sequences: 

 

 Estimation Purpose and Plan 

The objective is developing cost estimation Class 3 according to AACE for budget 

control as described in Figure 7 with plus minus 10 to 20% accuracy level. The output 

from this simulation will provide the order of magnitude of mitigation cost for 

financial budgeting process. Within reasonable time approved by management, the 
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work will be carried out with support from design team and engineer who is 

responsible for this work package.    

 

 
Figure 7 AACE Cost Estimation Class 3 for Project Case Study

19
 

 

 Estimation Outline 

Relevant with previous technical descriptions, outline estimation will be divided into 

four group cost center: dust control, noise control, land use and erosion control and 

waste water impact & sediment control.  

 

 Volumes and Unit Prices References 

- Volumes of work taken from bill of quantity document produced by design 

team. 

- Unit Prices 

There are two references for estimation: 

a. Cost proposals provided by vendors
20

. 

b. Resources or similar working prices that have been used for other 

project within company operation on site
21

. 

 

 Assumptions Used in the Estimation 

- Negligible cost escalation factor for the planned project duration of less than 

one year. 

- Total cost not including Value at Tax (VAT) according to Indonesia 

regulation. 
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- Additional costs for risk analysis will be calculated separately. 

- Maintenance cost factors are calculated by giving monthly presentations from 

total construction cost of each cost center that will be used during operational 

stage (larger maintenance cost is given to temporary drainage systems as the 

final protection boundary to original environment condition) . 

 

 Work Breakdown Structure (WBS) 

Cost calculations will be performed for temporary work in addition to other 

permanent works to meet the IFC requirements. These works are grouped into 

environmental block with WBS structure breakdown until level 4 present in Figure 8.  

 

 
Figure 8 Project Case Study Work Breakdown Structure

22
 

 Detail Calculation 

Present in Table 4 detailed calculation of costs for environmental mitigation with 

taken assumptions. Unit prices and used factors of each work already breakdown into 

detail of resources: material, labor, equipment and subcontractor based on references 

that have been mentioned in previous steps.  
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Table 4 Environmental Mitigation Cost for Project Case Study

23
  

Percentage value of environmental mitigation cost from this simulation is 3.13% from 

total estimated cost. This percentage will be used as basic reference to produce more 

detailed estimation for bidding process.  

 

 Sensitivity Analysis 

GAO process also required sensitivity analysis in order to assess the important 

element composing cost estimate. The Author produces sensitivity analysis with 

spider plot
24

 for project case study present in following Table 5 and Figure 9:  
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Table 5 Sensitivity Analysis-Raw Data and Simulation
25

 

 

 

Figure 9 Sensitivity Analysis-Spider Plot
26

  

There are four major elements for mitigation cost based on spider plot: temporary 

slope protections, silt fences, transversal dykes and dust control. It can be understood 

that these elements have the greatest value in comparison with other elements that 

determine cost changes for percentages between -30% to +30% in this simulation.  

 

 Risk Analysis 

Expected Monetary Value (EMV) of risk events calculated in this step are the costs 

that probably incurred due to the failure of environmental mitigation system elements 

http://www.pmworldjournal.net/
http://www.pmworldlibrary.net/


PM World Journal                     Environmental Mitigation Cost for Mining Road Construction 
Vol. VI, Issue V – May 2017                                                in Indonesia according to IFC Standards 
www.pmworldjournal.net Featured Paper                        by Arif Permana  

 

 

 

 
© 2017 Arif Permana              www.pmworldlibrary.net Page 16 of 22 

as part of project WBS as presented in Table 6 with the ranking. It can be seen that 

temporary slope protections and drainage systems are the critical elements predicted 

by design team that will be affected by the accuracy of existing rainfall data available 

at the time of design process.   

 

Table 6 Risk Analysis for Environmental Mitigation Elements
27

  

Total percentage for mitigation cost of project case study as shown in Table 4 and 6 is 3.87%, 

to be compared with a study taken in United States in year 2006 for road projects with 

equivalent environmental requirements based on NEPA standard, because historical data for 

environmental mitigation cost is not yet available in Indonesia (also limited in United States 

as stated in the document). According to this study, the average mitigation cost percentage 

was 4.4% for rural road project and 11.3% for urban or suburban road project from 29 project 

sample areas taken from five different states
28

 as presented in Figure 10 with the value for 

project case study. 

 
Figure 10 Environment Mitigation Costs Record

29
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Limitations of historical data record as mentioned above indicates that environmental 

awareness for project activities is raised just recently. Green construction program in 

Indonesia had just started in year 2008
30

 for general infrastructure but not yet as the center of 

attention in mining industry. Until now, good mining practice in Indonesia still put the focus 

more to post mining reclamation program instead for construction activities unless it is 

required in advanced by financial institution as expressed before in introduction section (for 

capital access purpose). Project management trend today should integrate project objectives 

but also keep the environment safe for getting long term sustainability because it will provide 

balance and harmonize between economic, environmental and social interests
31

.  

 

Figure 11 Integration Project Objectives and Process Impacts Checklist
32

 

 

The integration of project objectives and process impacts analysis using checklist for all 

element through project lifecycle will be the key assurance of performing green project 

management for this sustainability and for the benefit of the next generation.    

Conclusion 
 

In this paper, the ultimate target set by the Author is to provide answer for two specific 

research questions as described in the introduction section. Based on results of project case 

study, the Author has demonstrated the application of IFC standard compliances and 

performed estimation cost following GAO process for environmental mitigation cost.   

 

Further extension studies will be required in future using the same standard for upgrading the 

limited database of environmental cost as guideline for project implementation including the 

standard practice. It is important for having the environmental awareness through the 

integration between project objectives with environmental aspect and the application of strict 

regulation from government or financial institution for operation and financial access.  
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