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Waste Levels Reduction by using Stepwise Incentive System: A Hong Kong Study

Abstract

Environmental problems have been considered as a serious situation in Hong Kong, in which

waste management is pressing harder in comparing with the practices of air, water and noise

pollution. Reuse, recycling and reduce the construction materials has been encouraged for

many years; however, it is still not used for many construction site activities. In motivating

the construction workers to implement the reusing, recycling and reducing construction

materials, reward scheme is used for measuring the results in the implementation and

encouraging the practices of it. Furthermore, with the proposing landfill-charging scheme for

the construction environment, contractors will push to reduce the waste generated by training

and education. This paper examines the cost benefit for the organization, in which to

encourage the workers by Stepwise Incentive System (SIS) for measuring the cost saving on

purchasing material and waste generation. The procedures in the SIS will be provided. In

order to verify the wastage reduction after adopting SIS, a local case study is undertaken. It

proved that SIS can help reduce wastage generation up to 23.60%. Some difficulties and

recommendations had also been suggested.

Keywords: construction waste, incentive reward scheme, environment, construction, Hong

Kong

Introduction

The promotion of environmental management and the mission of sustainable development

have exerted the pressure demanding for the adoption of proper methods to protect the

environment across all industries including construction. Construction by nature is not an
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environmental-friendly activity. Existing research works suggest that construction activity is a

major contributor to the environmental pollution. For example, McDonald’s research (1996) 

reports that 14 million tons of waste have been put into landfill in Australia each year, and

44% of the waste is attributed to the construction industry. Construction contributed

environmental pollution has also been deteriorating in China along with the fast urban

development since early 1980s (Zhang et al., 2000). Waste generated from building and

demolition of construction projects assumes a large proportion of environmental waste (Poon,

1997). According to the Environment Protection Department (EPD) (Chung, 2000), the

construction industry generated about 32,710 tons of Construction and Demolition (C&D)

waste per year in 1998, nearly 15% more than the figures in 1997. The major environmental

impacts from construction activities are typically classified as air pollution, water pollution,

waste pollution and noise pollution (EPD, 1999). Shen et al. (2000) classified the construction

environmental impacts into the groups of extraction of environmental resources such as fossil

fuels and minerals; extending consumption on the generic resources, namely, land, water, air,

and energy; production of waste that request the consumption of land for disposal; polluted

living environment with noise, odour, dust, vibration, chemical and particulate emissions,

solid and sanitary waste. To manage such a huge quantity of C&D waste; the Hong Kong

government adopts a policy of disposing the waste to either land reclamation or landfills. For

decades, landfill had provided a convenient and cost-effective solution to its wasteful

practices (Mills et al., 1999). However, the situation is changing. Wong and Tanner (1997)

pointed out that the landfills, originally expected to last 40 to 50 years, would be filled by

2010, even if there were adequate outlets for C&D materials. The situation of landfills is

similar in other large countries. For example, in the USA it contributes approximately 29% of

overall landfill volumes, in the UK it contributes more than 50% and in Australia it

contributes 20 to 30% (EPA, 1998; Ferguson et al., 1995; Rogoff and Williams, 1994).
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As construction waste is considered as a serious environmental problem in many large cities

(Chen et al., 2002; Teo and Loosemore, 2001), there are a responsibility to ensure that their

activities and products are consistent with environmental policies and good environmental

practices through reduction of waste (EPD, 2002). The best way to deal with the materials

waste was not to create it in the first place (Snook et al., 1995; Gavilan and Bernold, 1994;

EPD, 2001). McGrath (2001) realized that one of the major hindrances to waste minimization

on a construction site is the difficulty in establishing a methodology and using this

methodology to benchmark future construction projects. For overcoming this shortage, he

introduced a waste minimization system called SMARTWaste. This system is a software tool

for auditing, reducing and targeting waste arisings on a construction site. The principle of this

system is to improve material recovery for reuse and reduce the waste arisings on future sites

by using the audited waste arisings as a benchmark. SMARTWaste provides an alternative

methodology for identifying the areas where the effectiveness of waste minimization can be

gained. Teo and Loosemore (2001) perceived a theory of waste behaviour for the construction

industry to investigate the attitudinal forces that shape behaviour at the operation level, in

which they recommended that to help managers improve operatives’ attitudes towards waste.

Several measures in implementing waste management under government initiative are also

implemented, including:

(a) The Waste Disposal Ordinance [Chapter (Cap.) 354], enacted in 1980, along with

its subsidiary regulations, is the principal legal framework. The other ordinances

include Waste Disposal (charges for disposal of waste) Regulation, Waste

Disposal (designated waste disposal facility) Regulation, Town Planning

Ordinance (Cap. 131), and Building Ordinance (Cap. 123) (EPD, 2004).
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(b) The environmental protection issue was started to be addressed in a white paper by

the Hong Kong government in 1989, which laid down the framework for a

comprehensive 10-year plan to fight against construction waste and other pollution

problems, including a commitment to review its progress in every two-year

intervals.

(c) In 1995, the Hong Kong government launched the green manager scheme,

requiring every government department to appoint a green manager to take the

lead in managing the environmental performance of individual organizations (EPD,

2002).

(d) The government drafted a Waste Reduction Framework Plan (WRFP), which was

launched on 5 November 1998 (WDO, 2004) attempting to change the waste

treatment habits of the public, and acknowledging the low environmental

awareness in Hong Kong.

(e) In February 2003, the Buildings Department (BD) of the Hong Kong SAR had

issued a practice note for authorized persons and registered structured engineers

entitled “Use of recycled aggregates in concrete” (BD, 2004). This technical 

guideline can be applied for prescribed mix concrete (20P) and designed mix

concrete (25D to 35D) in adopting 100% and 20% recycled aggregate respectively.

(f) Civil Engineering Department (CED) of the Hong Kong SAR is commissioning a

pilot recycling plant at Tuen Mun Area 38 with a view to supply recycled

aggregate to a number of public works projects.

(g) The Circular (Ref: 15/2003) (ETWB, 2004) on “Waste management on 

construction sites” issued by the Environment, Transport and Works Bureau of the 

Hong Kong SAR on 15 May 2003 strengthens the government initiatives by
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stipulating the implementation of “Waste management plan” and “Pay for safety 

and environment scheme” for public construction projects. 

(h) It is supposed to charge HK$125 per ton of waste dumped into the public landfill

areas to encourage the recycling and reuse of construction waste.

Although there are several regulations on construction waste controlled, many construction

organizations still have room for improvement. The major difficulty of the construction

organizations to improve the environmental performance, is the understandability of the

current method on waste management and problems of the current methods. What is the

current method they used to improve the performance? How the effectiveness of the current

method? What is the major problem in improving waste management in construction? In

order to answer the above common questions from the construction organizations, this paper

will focus on the following issues:

i) Investigating current status of recycling construction waste in Hong Kong by

telephone survey with recycling company and interview discussions;

ii) Investigating the methods for reducing the generation of construction waste, such

as reuse, recycle and reduction;

iii) Examining the current reward scheme and its difficulties in Hong Kong

construction;

iv) Promoting a reward scheme, named as Stepwise Incentive System (SIS), in

enhancing the environmental awareness on top of the current available scheme in

construction; and

v) Verifying and proving SIS by a local case study.
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Investigating the Types of Generating Construction Waste

Waste is defined as any material by-product of human and industrial activity that has no

residual value (Serpell and Alarcon, 1998). From the statistic of EPD (2003) (see Table 1),

38% of the waste are generated from C&D activities, which is around 6,408 tons of waste per

annum are produced from construction activities. In 2001, it found that the quantities of the

ferrous metals are represented to 45.5% with 803,190 tons of the total recyclable materials

and 37.7% with 665,539 tons from wood and paper. Non-ferrous metals have the higher

values of recyclable volume, in which it valued as one thousand million (see Table 2). For the

total recyclable materials, ferrous metals, non-ferrous metals, wood and paper are

incorporated to 87.1% of the total quantity of exported recyclable materials and 87.2% of the

total values of the materials. Therefore, it is necessary to reduce the waste generated of these

three categories of materials for effectively and efficiently reduce the problem in wastage.

<Table 1>

<Table 2>

A comprehensive construction waste management is urgently needed on every construction

site. After identifying the causes of construction waste, it is of great importance to structure

ways to minimize it as reduction is seen as the most favorable solution to waste problem of

any kind. Indeed, it should be made compulsory that every construction company should

enact construction waste management plan tailored to its particular mode of business so that

every personnel from the management to the operational level can head for the same goal of

construction waste management. Besides reduction strategies, economic issues in construction

waste management in terms of recycling and contractual implications also play a significant

role.
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Current States of Recycling Construction Waste

The economic and environmental benefits to be gained from waste minimization and

recycling are enormous (Guthrie et al., 1999), since it will benefit both the environment and

the construction firms in terms of cost reduction. The economic benefits of waste

minimization and recycling include the possibilities of selling specific waste materials and the

removal from site of other waste at no charge or reduced cost, with a subsequent reduction in

materials going to landfill at a higher cost (Snook et al., 1995). Therefore, it can increase

contractors’competitiveness through lower production costs and a better public image.

However, very few contractors have spent efforts in considering the environment and

developing the concept of recycling building materials (Lam, 1997). Because contractors rank

timing as their top priority, their effort is always focused on completing the project in the

shortest time, rather than the environment (Poon et al., 2001). Their account books cannot

reveal the potential savings resulted from reduction in construction waste. Managing building

material waste can in fact achieve higher construction productivity, save in time and

improvement in safety (Chan and Ma, 1998; Gavilan and Bernold, 1994; Skoyles and Skoyles,

1987) while extra waste take extra time and resources for disposal that may slow down the

construction progress.

There are many possibilities for disposing of waste from construction and demolition

activities, from recycling to incineration and landfilling. Five waste management actions had

been recommended by Waste Reduction Framework Plan (WRFP, 1998): (1) Waste

avoidance: waste should not be produced in the first place, for example, packaging should not

be used unless essential; (2) Waste minimization: if waste production is unavoidable, the

quantities should be minimized. Essential packaging, for example, should be designed to

minimize the materials used; (3) Waste recovery, recycling and reuse: the recovery, recycling
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and reuse of suitable waste materials should be maximized; for example, using a producer

responsibility scheme to recover waste packaging for reusing; (4) Waste bulk reduction: if it

is not possible to recover, recycle or reuse the waste materials, the volume of residual waste

should be reduced before final disposal, this might involves incineration or composting; and

(5) Waste disposal: wherever possible the residue left after bulk reduction will be used for

construction purposes or reclamation in preference to being dumped in the landfills.

Normally, three main waste minimization strategies identified were reusing, recycling and

reducing construction materials, collectively called the ‘3Rs’ and these are presented in the

order or preference, representing a hierarchy of environmental benefit and potential for

economic savings (Shen and Tam, 2002). To reduce the waste generated on site, coordination

among all those involved in the design and construction process is essential and so meetings

that being together all of these parties should occur on a regular basis to address waste issues.

A survey from telephone conversation had been conducted for investigating the current status

of recycling construction waste in Hong Kong. The main objective in this study is to examine

the available recycling construction materials from the recycling company, with the location

collection and price refund for these recycling materials. The data used for this study are from

a recent survey of the Hong Kong construction industry. The survey was undertaken by

interviewing two hundreds and sixty-five recycling organizations. Ninety-three recycling

firms completed on this survey and used for analysis, one hundreds and sixteen recycling

firms were not completed, and the remaining fifty-six recycling organizations are non-

operation. The recycling organizations were chosen from the Lists of Recycling Company

approved by the Environmental Protection Department (EPD, 2003). Furthermore, twenty

contractors are interviewed for clarifying and discussing the current status, difficulties and
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possibility for further improvement in the recycling culture in Hong Kong. Table 3 shows the

details of the interviewees.

<Table 3>

From the survey, most of the recycling materials are ferrous and non-ferrous metals, which

included 19.92% and 22.31% respectively (see Table 4). Paper, plastic and computer product

are also considered for recycling with 17.93%, 15.14% and 11.16% respectively. In the

discussions with the interviewees, the recycling materials will normally be transported to

Mainland China; particular to Guang Dong, where labour cost is low. Mainland China is

likely to receive recycling materials, but not a free export and import country. Extensive

procedures, including tax and permits in transporting these materials, are needed. Furthermore,

difficulties may arise sometimes, if Mainland China has not heard of new recycling

technology. For example, a new method that recycles plastic bottles by cutting them into

pieces, may encounter problems when transporting these recycling materials into China as she

is afraid of dumping these “recycling materials” into their landfill areas and affecting their 

environment. Furthermore, the recyclers argued that set up recycling plant is difficult in Hong

Kong, as the land cost is unaffordable for developing such a non-profitable industry.

<Table 4>

Although various types of materials are recycled, C&D waste will not be considered by

around half of the recycling companies with 45.74% (see Table 4). The recyclers explained

that the control of impurities and thus the need for sorting are the major reasons. As discussed

with the construction organizations, they will initially recycle the profitable materials,

including metal and electric cable. Other recyclable materials, such as bamboo scaffolding,

coverage material, hoarding and cover-walkway will normally be reused for other similar
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projects. Other materials, including tile, finishes, brick and block, may usually end up in

landfill areas.

Many of the recycling companies (34.04%) will require construction organizations to sort out

the waste before collection (see Table 4). In the discussions with recyclers, the profit made

from recycling market is not high; the recycling companies cannot provide resources in

sorting various types of materials. Thus this responsibility is shifted to the construction

organizations. The construction organizations are encouraging to sort various types of C&D

materials during demolishing, in which the newly adopted “selective demolition method” can 

facilitate the sorting procedures and improve the recycling rate.

Furthermore, most of the recycling companies will not restrict the minimum quantity for the

recycling materials (see Table 5). While some of the recycling companies will depend on

distance and situation. In interviewing one of the recycling firms, he explained that the limit

on receiving recycling materials, particularly on the low-value materials, should be

predetermined. Otherwise, the costs for transportation and labour may exceed the cost of

reclaimed waste. For the valuable and profit-making recycling materials, such as ferrous and

non-ferrous metals, and electricity cable, both the construction organizations and recyclers

will actively receive it even the quantity is very low. Furthermore, wide price ranges are

found in this survey, which can vary up to ten times. The recyclers explained it may be due to

the seasonal variations.

<Table 5>

Most of the recycling companies will not restrict the locations in receiving the materials of

around 84.69% (see Table 4). Although the recycling companies will receive materials
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everywhere in Hong Kong, the waiting time for receiving these materials still need to be

concerned. As explained by one of the recyclers, the recycling companies will normally wait

for receiving materials from various construction sites if the quantity cannot fully full-up the

truck. However, poor construction site conditions may impose difficulty of prolonging the

waiting time for waste collection.

In order to send these recycling materials to the recyclers, nearly half of the recycling

companies (57.45%) will freely provide transportation and labour (see Table 4). However,

22.34% of the recycling companies will require charge for receiving these materials; the price

range is from HK$50 to HK$400 per ton, which depends on the distance and types of

materials. For examples: collection of plastic bottle needs a higher transportation and labour

fee as these consumes lot of spaces with only a light weight; the ferrous and non-ferrous

metals are received at a lower unit charge.

In the discussions with recycling companies, several difficulties in the current recycling

market have been identified:

(a) The construction organization considers environmental management as a non-

profitable activity. The construction industry lacks environmental awareness,

including separation and sorting various types of C&D materials.

(b) The regulations and legislations related to environmental matters implemented by

the Hong Kong government are too liberal. If regulated by non-mandatory schemes,

construction organization is reluctant to implement the high-investment

environmental management measures.
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(c) The recycling market lacks a centrally coordinating party. Some of the construction

organizations found difficulty to find suitable recyclers and receive various types of

construction materials.

(d) In an immature recycling environment and market, it is difficult to afford the high

investment costs on facilities, equipments, land and labour.

(e) Hong Kong recycling market is restricted to those recycling materials which have a

high scrap value; other non-profitable but recyclable materials are not being

considered. Some of the sorted but non-profitable materials will still be sent to

dumping areas.

(f) In recycling concrete waste, Tuen Mun Area 38 recycling plant is restricting the

minimum size of the demolished concrete to 250mm. The construction organization

explained that the stringent requirement on the acceptable minimum size of

concrete waste.

(g) The fundamental encouragement in proposing landfill charging scheme is

improving the sorting situation and the recycling rate in Hong Kong. However, the

construction organizations argued that it may only increase the processing cost,

which however may simply be transferred to the clients and reflected in the tender

price.

Practices of Reuse, Recycle and Reduction

Furthermore, the interviewees suggested the possibility of current practices of reuse, recycling

and reduce the construction material in on-site construction activities. Five types of

construction materials are under discussions with the practitioners, namely, ferrous and non-

ferrous metals, glass, timber, compostables, and other materials. Table 6 summarized the

suggested methods for reuse, recycle and reduction on those five materials:
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(1) Ferrous and non-ferrous metals includes steel re-bar, aluminum siding, plumbing

fixtures, piping, metal bending, roofing cladding and brass. It should be noted that

individuals attitude towards the reuse of metals depends primarily on metal prices

in the world market. Most of the interviewees explained that very little of the

ferrous and non-ferrous metals is taken to waste because it is considered to be the

most profitable waste materials for recycling. The high costs of virgin metals have

resulted in the establishment of a highly efficient recycling business that has been

operating in the industry for some time.

(2) Glass has already being separated in many overseas countries and the Hong Kong

government is looking into this matter seriously. One of the interviewed

contractors pointed out that glass can be reused several times and that they have

managed to substitute glass with other materials on some occasions. In addition,

one contractor explored the opportunity for recycling glass into other products

such as aggregate, windows and glass fibres. Glass bottle recycling is a mature

industry; however, the recycling of glass in the construction industry has only

recently gained popularity.

(3) Timber can be chopped and sold as landscaping mulch. One contractor pointed out

that they are already recycling timber on one of their projects in Japan. One of the

interviewees also suggested that it can be reused in the form of interior fixture and

furniture and act as organic-bonded or cement-bonded boards for whole timber or

timber fragments in the future. Although timber formwork is the most usual form

for formwork making, one contractor is encouraging and recommending to use

other durable materials, such as steel or aluminum. The advantage to employing

the latter formwork materials is that they can be reused a larger number of times

than timber.
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(4) Compostable materials can be crushed into gravel for using in paving materials and

as aggregates for the new concretes (Tam et al., 2005). The Hong Kong

government is proposing to make it a contractual requirement to adopt recycled

aggregate (HKHA, 2005).

(5) Other materials should also be considered for reuse, recycling and reduced

consumption. Education and training is a key enabler for achieving environmental

awareness and ensuring that any opportunities for reuse, recycling and reduction of

any type of material is not missed (Shen and Tam, 2002).

<Table 6>

Current Incentive Reward Schemes

As construction materials are typically taken from storage to site without any effective control,

especially in large projects or during urgent construction processes, a construction material

control system can provide an effective tool to manage on-site materials and to motivate

workers for reducing materials wastes (Chen et al., 2002). Financial benefits can be gained

from adopting waste minimization strategies. McDonald and Smithers (1998) also suggested

that a proper waste management plan for eliminating waste source and controlling waste

flows could result in up to 50% cost savings for waste handling charges, 15% volume

reduction of the waste generated prior to recycling on site, and 43% waste reduction for

landfill. Coffey (1999) devised a cost-effective system to reduce the amount of waste being

collected and disposed, including pre-collection house-to-house scavenging for recyclable

materials and reuse of bottles and packaging.

Special motivational and reward programs have been reported as one of the most effective

means for rewards and punishments and accepted as a performance-dependent monetary
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reward system in the construction industry (Merchant, 1997). There are many forms of

rewards and punishments for enhancing workers’ awareness on the environmental, emotional

and financial aspects of reuse, recycling and reduction initiatives (Nelson, 1994; Warren,

1989). However, only a few construction organizations adopt in-house reward schemes for

improving their performance in the Hong Kong construction industry. One of the interviewed

construction organizations was encouraging an employees’ environmental performance 

through a certificate and bonus scheme. Some organizations imposed penalty schemes on

their sub-contractors by withholding payment if the environmental performance was below

standard. Other examples of reward schemes reported in the literature or by individual

construction organizations are detailed in Table 7.

<Table 7>

Although some environmental performance reward schemes exist, few have been embraced

by construction practitioners. Recent interviews conducted with construction practitioners in

Hong Kong uncovered three main reasons:

i) Lack of regulatory control and enforcement

While there is a lack of government regulated or enforced environmental performance reward

schemes, construction organizations will remain reluctant to prioritize environmental waste

considerations. Rather, they will only address important factors such as time, cost and quality

until they are required or precise some advantages of doing otherwise.

ii) Lack of motivation

Construction organizations found that the returns gained from environmental management are

too moderate; they cannot see any short-term benefit obtained from current environmental
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management and reward programs. Enhanced educational programs and incentive schemes

are necessary to motivate them to improve their environmental performance.

iii) Lack of experience

At present there appears to be limited understanding or promotion on the benefits or

advantages of implementing environmental performance incentive schemes. Although these

schemes could enhance their firms image, they lack the necessary experience to implement

them. Therefore, it is highly encouraged that best-practice organizations and governmental

departments share their experiences with smaller construction organizations to ensure that

environmental performance reward schemes are more rapidly diffused across the industry.

Stepwise Incentive System (SIS)

Many benefits can be gained from implementing a reward programme, including enhancing

the environmental awareness, wastage reduction and cost reduction. However, few reward

programmes have been implemented by construction organizations largely due to the high

initial costs and resources that need to be allocated. As the landfill areas will be running out in

the next eight to ten years in Hong Kong (EPD, 2003), the higher landfill charging schemes

will force individuals and industry reduce wastage generation. Therefore, the proposed

Stepwise Incentive System (SIS) is recommended as a useful tool to efficiently and

effectively enhance the implementation of the reward scheme. However, it should be noted

that the implementation of the SIS system should not have any adverse effects on other

project factors and the conformance to specifications.

For measuring the progress in adopting on-site reuse, recycling and reduction of construction

materials, the following systematic measurement should be appropriate. The performance
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between a variety of construction projects can be compared on a regular basis. As cost-

reduction on a particular project can be achieved in two ways: (1) cost saved due to the

reduction of purchased materials after adopting reuse, recycling and reduction strategies; and

(2) cost saved from reduced wastage generation and associated landfill charging. Once a

construction operation is completed, a project manager can measure the amount of material

waste reduced or increased by comparing the actual amount of material used by the project

with the estimated amount. The store keeper records the actual amount of material used, while

the contractors’ quantity surveyors prepare the estimated amount of material. A model for

facilitating and measuring the practices of reuse, recycling and reduction of construction

materials is detailed in Figure 1.

<Figure 1>

Stepwise Incentive System for Purchasing Materials

In a particular project, the quantities of material saved can be measured, ΔQi (measured in

appropriate unit), by the comparison with the expected quantities measured by the

contractor’s quantity surveyor, Qi
e (measured in appropriate unit), and the purchased

quantities measured by the storage keeper, Qi
p measured in appropriate unit), for material i. If

a construction organization had effectively implemented the above methods in reuse,

recycling and reduction of construction materials, the quantities of materials should be saved

in terms of purchasing by Equation (1).

Δ iQ = e
iQ - p

iQ --------------------(1)
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For the price of each material, Pi (measured in appropriate unit), can be specified, the cost

saved based on the quantity of material purchased, Cq, can be measured with Equation (2) by

the quantities of material saved by Equation (1) and the unit prices for specific materials.

Cq = ( e
iQ - p

iQ ) iP = (Δ iQ ) iP --------------------------(2)

Stepwise Incentive System for Waste Generation

On the other hand, waste generation is also considered as a serious problem. Especially since

the Hong Kong government proposed to enforce the landfill-charging scheme (EPD, 2002)

where a fee of HK$125 per ton of waste is envisaged. Ultimately all waste producers should

pay directly for the costs of collection, treatment and disposal of the waste they produce, but

at first it will introduce the landfill charging scheme. If properly applied, these market

instruments would encourage waste producers to reduce the amount of waste and make waste

recycling financially more attractive. To require waste producers to pay directly for the full

costs of waste management will provide them with a financial incentive to reduce waste.

Therefore, the reduction of waste generation, ΔW (measured in appropriate unit), should also

be measured with Equation (3) which equates the difference between the expected waste

generated as measured by the contractor’s quantity surveyor, We (measured in appropriate

unit), and the measured waste generated as measured from the trip ticket collected, Wm

(measured in appropriate unit).

ΔW = eW - mW -------------------(3)

After the quantities of waste reduced or increased can be measured by Equation (3), the cost

saved or increased based on the waste generation, Cw, can be measured by Equation (4) with

HK$125 per ton of wastes from the proposed landfill charging scheme.
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Cw = ( eW - mW ) (125) = (ΔW) (125)-----------------------(4)

The major cost saved or reduced is purchasing and waste generation. Therefore, the total cost

saved, Ct, can be calculated from both the cost on purchasing materials, Cq, and the cost on

waste generation, Cw, with Equation (5).

Ct = Cq + Cw----------------------------(5)

For the project construction processes, the site-based employees should input the purchasing

and waste collection, in terms of materials, quantities and unit prices for the specific materials

continuously to understand the waste generation. After storing the waste generation data, a

computer can compare the actual practices with the predetermined goals of an organization.

The reward percentage amounts are recommended to workers via a ladder approach (Figure

1). The more cost saved on the project, the higher the reward percentage; this can directly

encourage workers to more proactively reuse, recycle and reduce the consumption of

construction materials whilst enhancing awareness on environmental management. To

achieve this, the percentage change in quantities in materials, Q%, and wastes, W%, saved, it

can be calculated by Equation (6) and Equation (7) respectively.

Q% =
e
iQ
Q

-------------------------- (6)

W% =
eW

W
-------------------------- (7)

Positive values in Q% and W% indicate the reward; while negative values imply the penalty;

afterward, the reward R% can be known from Figure 2. For example, if Q% and W% are greater

than or equal to 10%, workers can receive a reward of 30% on the total cost saved, Ct; while
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for 15% of Q% and W%, 40% of the Ct can be rewarded. The amounts of reward to workers,

ΔR, can then be given by Equation (8).

ΔR = Ct (R%)----------------------------- (8)

<Figure 2>

Verify Stepwise Incentive Scheme

In order to verify the newly developed stepwise incentive scheme, a local project is used to

prove the successful achievement of it. A hotel redevelopment case study is selected for

investigating the effectiveness of stepwise incentive scheme. Table 8 shows the project details.

<Table 8>

This project is using a 3-month assessment period. Three assessment periods are undertaken

in this research. Tables 9 and 10 show the cost record for the quantities of materials and waste

generation respectively. The assessments of the quantities of materials are the same for every

assessment, as this project estimates and purchases the materials in the early stage of project

(see Table 9). It achieved saving of HK$1,345,000.

<Table 9>

<Table 10>

On the wastage generation, it shows some improvement for each stage. The cost saved for the

second stage is more than double of that in stage 2 with HK$58,750; and the improvement of

stage 3 is around 3 times more than that in stage 2 with HK$147,500 with up to 23.60% of

waste generation saved (see Table 11). As both the percentages of quantities of materials and

wastage generation can be achieved more then 10%, thirty percentage of the total cost saved

will be rewarded to all the project stakeholders involved in the project.
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<Table 11>

In the interview discussion with project manager, he claimed that they can understand more

about the actual wastage generation and actual cost saving in the proposed landfill charging

scheme. In addition to the incentive scheme implemented, it is providing a strong driving

force for them to concentrate on reducing the waste. Employees are actively to implement

reuse, recycling and reduction of various types of construction materials. Therefore, every 3-

month assessment period shows some improvement on the reduction of wastage generation.

Limitations and Recommendations of Implementing Incentive Reward Scheme

Although recycling of construction waste can help reduce its production, there are indeed

limitations to their implementation in practice: (1) Expensive waste treatment process; (2)

Land constraints –space for storage and processing; (3) Labour shortage and the required

educational level; (4) A lack of incentive; (5) A lack of markets; (6) A lack of information

and guidelines; (7) A lack of technical specifications for the recycled materials; (8) A

mismatch of timing; and (9) Attitudes of the people involved with buildings. For the materials

can be reuse, recycling and reduction for reduce the total consumption of material as

recommended (see Table 6).

In fact a previous survey from Shen and Tam (2002) reported that waste management is

generally considered by business senior manager less important than the management for

construction cost and time. The cost for implementing waste management is often given more

concern than the possible benefits that the organization can gain. Cost saved for recycling will

be easier measure in the cost received in recycling materials. There are many products can be

recycling, including plastic, paper, paperboard, textile, ferrous metals, non-ferrous metals,
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timber, compostables and others. Several materials, such as plastic and compostables, may be

difficult to find the local or export recyclers; the cost saved on those materials may be

difficult to measure. As limitations on implementing incentive reward scheme had been

discovered as above, the following are recommended several measures for effective

promising and implementation of reward scheme:

(1) It is necessary to provide education and training to encourage and promote the benefit

in reuse, recycling and reduce the material consumption; however, cost saving for

reuse and reduce the material consumption is difficult to measure, in which the

material can be reuse and reduce the consumption for several times. Lingard et al.

(2000) considered it is more effective to provide training and education among staff,

and involve employees’ participation in implementing waste management. However, 

they pointed out that employees’ participation could only be effective with genuine 

support from management.

(2) In order to maximize the amount of waste recycled, materials were collected

separately wherever practical and economical. This was not difficult to achieve as,

generally the trades that caused a particular waste, were responsible for collecting it

and placing it in site bins. As a result, different waste materials tended not to be mixed

and those materials intended for recycling were kept distinct from those materials

destined for landfill. It was not considered cost effective to provide additional labour

to separate mixed waste, and no attempt was made to collect or separate minor

quantities of materials such as general site sweepings. Bins were placed as close as

possible to the point of activity and were selected and identified to be of various forms

according to the amount and type of waste generated.

(3) The construction waste management plan implemented represents the first steps in

developing a holistic strategy for minimizing waste generation from the construction
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process. The programme revolved around site based strategies for handling waste in

order to minimize the amount of waste deposited in landfill sites, maximize the

amount of waste material recycled and lower the costs of handling waste materials

recycled and lower the costs of handling waste materials to the contractor. After

investigating the markets for recycled construction waste materials, it is necessary to

examine the feasibility of including construction waste management in different types

of contracts that can eliminate the grey area as to who should be responsible for

managing construction waste.

Conclusion

Internationally, environmental protection is increasingly becoming an important governance

issue for business. However, the construction industry, which is a significant generator of

waste and pollution, has largely ignored the sustainability agenda. This reluctance stems from

the slow development of robust environmental policies with government departments but the

tide is rapidly changing. For example, for controlling waste generation in the Hong Kong

construction sector, the government has proposed a landfill-charging scheme to motivate and

encourage the implementation of waste management practices on construction sites.

Furthermore, the reuse, recycling and reduction of construction materials is being encouraged.

In this paper, an SIS incentive reward scheme has been proposed for continuously measuring

and monitoring the levels of input materials and output waste generated on construction

projects. Since the current economy in Hong Kong is predominately focused on monetary

benefits, workers need to be encouraged to implement environmental systems through a

managable rewards and penalties structure. It should be noted that such schemes need to

reward project-based labour who have the most opportunities to reduce levels of waste. A
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case study is verified and proved the newly developed stepwise incentive scheme can help

reduce wastage generation up to 23.60%.
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Table 1: Quantities of Solid Waste Disposed of at Landfills in 2001 (EPD, 2002)

Quantity (tpd)Waste type
Public Private Total

(a) Domestic waste
- waste from household, public cleansing 5,822 1,644 7,466
- bulky waste 28 57 85

Sub-total 5,850 1,701 7,551
(b) Commercial waste
- mixed waste from commercial activities - 1,120 1,120
- bulky waste - 68 68

Sub-total 1,187 1,187
(c) Industrial waste
- mixed waste from industrial activities - 534 534
- bulky waste - 28 28

Sub-total 562 562
(d) Municipal solid waste received at disposal facilities
(a+b+c)

5,850 3,450 9,300 (55%)

(e) Construction and demolition waste (landfilled) - 6,408 6,408 (38%)
(f) Special waste (landfilled) 502 607 1,109 (7%)
(g) All waste received at landfills (d+e+f) 6,352 10,465 16,817
Notes:
- Public waste collectors are waste collected by Food and Environmental Hygiene Department

contractors and other government vehicles
- Publicly collected domestic waste included some commercial and industrial waste
- Special waste included abattoir waste, animal carcasses, asbestos, clinical waste, condemned goods,

livestock waste, sewage treatment and waterworks treatment sludge, sewage works screenings and
stabilized residues from Chemical Waste Treatment Centre
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Table 2: Quantities and Values of Exported Recyclable Materials by Type (EPD, 2002)

Category of recyclable materials Quantity (tones) Value ($ thousand) Value per unit weight
($ / ton)

Ferrous metals
- alloy steel scrap 16,471 72,171 4,382
- pig or cast iron 42,970 46,667 1,086
- tinplate 572 1,134 1,983
- other scraps 743,177 606,669 816

Sub-total 803,190 (45.5%) 726,641 (27.9%) 905
Non-ferrous metals
- aluminum 17,044 69,285 4,065
- copper and alloys 47,580 296,645 6,235
- lead 2,785 4,424 1,589
-metal ash and residues 226 13,144 58,159
- nickel 63 1,273 20,206
- precious metal 117 656,386 5,610,137
- tin 2 39 19,500
- zinc 1,270 11,251 8,859

Sub-total 69,087 (3.9%) 1,052,447 (40.4%) 15,234
Plastics
- polyethylene 115,653 124,594 1,077
- polystyrene and copolymers 18,445 48,076 2,606
- polyvinyl chloride 2,234 5,065 2,267
- others 71,401 120,381 1,686

Sub-total 207,733 (11.8%) 298,116 (11.4%) 1,435
Textiles
- cotton 16,539 25,746 1,557
- man-made fibres 57 295 5,175
- old clothing and other textile
articles, rags, etc

3,434
11,700 3,407

Sub-total 20,030 (1.1%) 37,741 (1.4%) 1,884
Wood and paper
- paper 657,336 487,785 742
- wood (include sawdust) 8,203 4,274 521

Sub-total 665,539 (37.7%) 492,059 (18.9%) 739
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Table 3: Details of the Interviewed Contractors

Contractor Project types Construction stage Contract sum
[HK$ millions (M)]

Experience
(numbers of years)

1 PBH Sub, Super 200M 25
2 PBH Sub, Super 119M 27
3 PBH Sub 150M 19
4 PH Sub 5M 23
5 PH Super 142M 15
6 PH Super 470M 18
7 PH Sub, Super 600M 20
8 PH Super 10M 27
9 PH Super 418M 25

10 PH Sub, Super 260M 29
11 PH Sub, Super 43M 20
12 PH Sub, Super 254M 15
13 PH Sub, Super 306M 13
14 CM Sub, Super 63M 19
15 CM Super 354M 26
16 CM Sub, Super 213M 24
17 CP Sub, Super 5M 22
18 I Super 90M 35
19 M Sub, Super 90M 15
20 S Super 18M 23

Notes:
Project types: PBH - Public housing; PH–Private housing; CM–Commercial; CP–Composite
building; I–Industrial; M–Monastery; S–School;
Construction stage: Sub–Substructure; Super–Superstructure.
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Table 4: Survey Results

Survey results Numbers Percentages
Ferrous metals 50 20%
Non ferrous metals 56 22%

Textile 12
5%

Plastic 38 15%
Paper 45 18%
Electrical appliances 12 4%
Computer products 28 11%
Timber 2 1%
Rubber / tyre 4 2%
Glass 2 1%
Mobile phone cases and batteries 2 1%

Recycling materials

Total 251 100%

Yes 51 55%
No 42 45%

Receiving C&D materials
or not

Total 93 100%
Sorted Before Delivering 32 34%
Not Required to Sorted 28 30%
Only Receive One Type of
Recycling Material

28 30%

No Information 6 6%

Requirement of sorting

Total 94 100%
All Hong Kong Island, Kowloon
and New Territories 83 88%

Hong Kong Island and Kowloon 2 2%
New Territories and Kowloon 2 2%
Hong Kong Island Only 1 1%
Kowloon Only 3 3%
New Territories Only 1 1%
Take to the Recycling Company 1 1%
Only Receives Overseas Materials 1 1%

Location receiving
recycling materials

Total 94 100%
Charge for Transportation and
Labour 21 22%
Free Transportation and Labour 54 57%
Depended on Distance 7 7%
No Information 3 3%
To be Delivered by Contractor 7 7%
Commercial Secret 2 2%

Requirements for
transportation and labour

Total 94 100%
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Table 5: Survey Results on the Minimum Quantity Required on Recycling Materials

Ferrous
Metal

Non ferrous
Metal Textile Plastic Paper

Material Types
Numbers of Responses

No Minimum Quantity Required 28 32 1 15 24
Less Than 1 Ton 7 8 2 5 6
1 Ton to 50 Tons 13 15 2 11 10
No Information 0 0 0 1 0
Depended on the Distances and Situations 2 1 5 4 3

Material Types
Electrical
Appliance

Computer
Product Timber Rubber /

Tyre Glass

No Minimum Quantity Required 8 17 1 4 1
Less Than 1 Ton 0 0 0 0 0
1 Ton to 50 Tons 4 6 0 0 0
No Information 0 1 0 0 0
Depended on the Distances and Situations 1 2 0 0 1
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Table 6: Typical Measures for Reuse, Recycling and Reduction of Construction Materials

Reuse Recycle Reduction Remarks
Ferrous and
non-ferrous
metals

 Certain formwork of ferrous
metals and non-ferrous metals
can be reused for several times

 Recycle ferrous metals and non-
ferrous metals to local and export
recyclers galvanized steel strip as
roofing cladding and production of
brass

 Using pre-stressed materials in substitute
 Using alternative construction methods, such

as prefabrication

 Recycling ferrous and non-ferrous metals
normally is a profit making for the
construction organization

Glass  Glass can be reused for several
times

 Recycle glass can be used as other
means, such as recycled aggregate
for low-grade application,
windows and glass fibres

 Using other materials, such as plastic, in
substitute glass

 Using alternative construction methods

Timber  Timber products, such as
formwork, can be reused for
several times

 Timber can be recycle to local and
export recyclers as whole timber
or timber fragments

 Using other materials to substitute timber
 Using prefabricated building components,

drywall partition, standard wooden panels
 Using alternative construction methods

Compostables  Compostables can be recycle for
aggregate use

 Accurately calculate and order the quantity of
compostables

 Reduce compostables wastages in policy
making

 Using prefabricated building component
 Using alternative construction methods

Others  Using durable, reusable materials
 Develop a plan for an on-site reuse, recovery and recycling system for

waste materials
 Instruct workers to adopt recycling and reuse of materials

 Using purchase management, material control
and material management

 Regularly maintenance of plants
 Education and training
 Provide recycling bins for paper,

aluminum cans and plastic bottles
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Table 7: Current Rewarding Methods in Construction

Literature Reward methods
Chen et al. (2002) Using a bar-code system for measuring the quantities

of material delivered and returned, wastage generation
can then be investigated.

Hendriks (1994) Certification will be issued for organizations which
pass the tight quality control scheme for recycled
aggregates.

Wong et al. (2003) A balanced theory is applied for achieving equilibrium
between the supply of C&D wastes and the demand for
recycled C&D secondary materials (C&D secondary
materials employed / C&D wastes produced).

Construction Practice
Construction Organization I Certificate with excellent environmental and safety

performance by means of ISO 14000 EMS for the
project.

Construction Organization II Assessment of sub-contractors environmental
performance and imposing penalties, such as
withholding payment, for those that do not meet
required standards.

Construction Organization III Share cost savings resulting from a reduced amount of
material required for the project.

Construction Organization IV Cash reward and certificate for individuals and teams
displaying an excellent environmental performance on
the project
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Table 8: Project Details

Project title Hotel redevelopment
Gross floor area 9,514 m2

Scope of the project One 31-storey hotel comprising 3-level podium and
28-storey guestroom tower.

Construction methods Conventional method is adopted for this project,
including guestroom tower and podium.

Project start date March 2005
Expected project period 18 months
Assessment stage period 3 months
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Table 9: Cost Record Table–Quantities of Materials

Material Expected
Quantities

Purchase
Quantities

Quantities of
Material
Saved

Unit Price
(HK$)

Cost Saved
(HK$)

Plastering (m2) 7,200 6,800 400 300 120,000
Timber formwork (m2) 16,500 14,000 2,500 350 875,000

Concrete (m3) 7,700 7,000 700 500 350,000
Total 31,400 27,800 3,600 1,345,000
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Table 10: Cost Record Table–Waste Generation

Stage Expected Waste
(in ton)

Measured Waste
(in ton)

Quantity of
Waste Reduced

(in ton)

Cost Saved
(HK$)

Stage 1 5,000 4,800 200 25,000
Stage 2 5,000 4,530 470 58,750
Stage 3 5,000 3,820 1,180 147,500
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Table 11: Reward Record Summary

Stage Cost saved on
purchasing materials

Cost saved on
waste generation

Total cost
saved

Percentages of purchasing
quantities saved

Percentages of waste
generation saved % of reward Reward amount

(HK$)
Stage 1 1,345,000 25,000 1,370,000 11.46% 4.00% 0% 0
Stage 2 1,345,000 58,750 1,403,750 11.46% 9.40% 0% 0

Stage 3 1,345,000 147,500 1,492,500 11.46% 23.60% 30% 447,750
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Figure 1: Procedures for the Reward Scheme
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Figure 2: Stepwise Incentive Scheme

>10% in Q% and W% can reward 30% of Ct

>15% in Q% and W% can reward 40% of Ct

>20% in Q% and W% can reward 50% of Ct


