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ZERO WASTE IN RENOVATION 

Abstract 

The huge amounts of waste produced during building and renovation is a serious environmental problem, which is worsening as build

ing activities are increasing over the years. This paper investigates in a case study possibilities for reducing waste production in reno

vation activities. It is found that a different approach of the plan11lilg phase results in more materials belilg left in situ or being re-used 

and a change in floor plans leads to more re-use of materials, less waste and less need for new materials. The achievable reduction of 

environmental impact is calculated with Life Cycle Analysis (LCA) calculations. The environmental impact of this renovation project 

could be lowered by 5-/0%, which is promising for other ones. More precise data on impact of waste reduction will be obtained if LCA 

are improved. 
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INTRODUCTION 

A report published as far back as 1988 Zorgen voor 

Morgen (Take care for Tomorrow, RIVM, 1988) reve

aled an alarming picture of the environment in the 

Netherlands. It indicated grim consequences for ag

riculture, traffic, industry and households. The follo

wing year, in response to this report, the Dutch go

vernment launched the National Environmental Po

licy Plan, which is still in force today (MVROM, 1989). 

This plan presents three basic concepts for an envi

ronmental policy that supports the idea for sustainab

le building and construction: 

Integrated life cycle management of materials 

Energy reduction through higher efficiency, use 

of renewable raw materials, and reduction of 

energy consumption 

Quality improvement of products and processes; 

minimisation of the use of resources; and, where 

necessary, the use of renewable resources. 

If sustalnable building and construction is to be achi

eved, one of the main aspects requiring corrective 

measures is the reduction of building and constructi

on waste. Ten per cent of the materials used in buil-

ding and construction end up as waste. But waste 

does not end there: it actually increases several fold 

during the lifetime of a building due to maintenance, 

renovation and, finally demolition. Also in other parts 

of the world this building and construction waste is a 

matter of concern. Smith (1998) noted that in the 

USA 20% of the total materials were wasted. Typical 

construction generated 20-35 kg of solid waste per 

m2. of floor space. Vingerling (1994) reported that 

the total amount of building and construction waste in 

the Netherlands per annum could be used to build 

30.000 houses. In 1997 the reported amount of buil

ding and construction waste was 16.1 million tons 

(RIVM/LAE, 1999) and 23 million tons in 2001. Alt

hough 90% of this waste is re-used in one form or 

another, the environment would certainly be better off 

if waste levels were reduced in the first place. 

One of the solutions can be found in demateriali

zation (KIBERT, 2001), which leads to the use of less 

materials and consequently to less waste. Other ide

as are deconstructable buildings, components which 

can be easily decoupled from the building and are 

comprised of products that are themselves designed 

for recycling. U:ifflad (2002) investigated the possibi

lity of using global recyclable materials. He distingu-
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ished 3 categories of materials: global recycling ma

terial (straw etc.), conditional global recycling materi

al (bricks) and not global recycling material (plastics). 

If well designed he found that 90% of a house can be 

built of global recycling material. For new constructi

on the proposals from both references may be use

ful, yet for renovation of existing buildings, this is just 

a partial solution, as we have to deal with a partial 

replacement of existing materials. 

Housing alone contributes to 3.1 million tons, or 

20% of the waste, and half of this comes from reno

vation activities. In the near future, the number of ho

uses to be renovated will exceed new houses. This 

means that unless special measures are taken, was

te created by renovation will increase even further. 

Currently, qualitative and quantitative data on waste 

is available only at the national level for both renova

tion and new construction. Moreover, detailed data 

per housing project is limited and very little data is 

available for renovation. Here it is worth drawing at

tention to three studies. Stroband (1991) monitored a 

building project of 57 new houses and managed to 

achieve a reduction by 41 % of waste, compared with 

a reference project. Although the research was rest

ricted to new buildings, the result demonstrates the 

feasibility of reducing waste. Nunen (2001) investiga

ted the re-use of concrete floor and wall elements 

from a demolished apartment building. This was a fe

asible option and the environmental impact reduction 

compared to new was 35%. A similar approach is do

cumented by Vries (2001) on a building project in 

Maasluis. An apartment building was topped off and 

the lowest two storeys were converted into detached 

housing. Although the reported cost reduction was 

10%, the environmental impact reduction was lower 

than expected because of the need for additional sta

bilizers. A different, still ongoing research, under the 

framework of IFO-research is the re-use of foundati

ons of demolished apartment buildings (HENORIKS, 
2002a). 

Apart from the approaches, referred to above, 

waste reduction should already be considered during 

the planning and design phase of renovations. Re

cently, the Eindhoven University of Technology has 

initiated a research program about waste reduction in 

building renovation. This research concerns: (i) the 

inventory of building material aspects such as envi

ronmental impact, (ii) the development of options for 

re-use, (iii) improved demolition techniques and (iv) 
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environmental impact calculations and (v) a discussi

on of the re-use market opportunities and threats. 

The research results will be used for the d~velop

ment of a tool to prepare renovation proposals. This 

paper addresses two of the research questions: (a) 

what is the waste production in an actually executed 

renovation project and (b) is it possible to improve re

novation alternatives by comparison of environmen

tal impact results. To answer both these questions 

we will draw on the research carried out by MSc stu

dents in our department. Our discussion is limited to 

one case (Lievendaal). 

REDUCING BUILDING WASTE IN LlEVENDAAL 

IN EINDHOVEN, A CASE STUDY 

The research model 

The basis for research is the following research mo

del (Fig. 1). This model depicts the materials flows in 

a renovation project. At the right hand side are the 

out-coming materials. Materials in flow (A) are re

used for the same application in this renovation pro

ject or in some other projects. Those from flow (8) 

are re-used for a different application here or elsew

here. (C) will be recycled and flow (0) is discarded as 

waste. At the left hand (input) side are materials for 

re-use from flows (A) and (8). Flow (C) consists of 

recycled materials and flow (E) has new materials. In 

case of new, the preference is for renewable materi

als. The aim is a maximum reduction of the materials 

flows. 

In this context the following definitions apply: Re

usable materials are materials, which do not require 

any treatment apart from cleaning. Recyclable ma

terials are materials that are used as raw material for 

the production of new materials. 

Lievendaal 

Since there is a considerable lack of data on materi

als waste, the research had to be done through case 

studies with extensive measurement at the project si

te. The first case study is a renovation project in Li

evendaal a suburb of Eindhoven. This project con

sists of 248 houses (Figs. 2 and 3). These houses 

were built in 1949 and partly renovated in 1977. The 

family houses have two storeys and an accessible at

tic. There are three bedrooms: one of twelve and two 
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Figure 1. Zero-waste research model 

of seven m2 respectively, a dining-sitting room com

bined with kitchen of 34 m2, a bathroom and a toilet 

(see Figs. 4 and 5). The exterior walls are of masonry 

work and the interior has B2 concrete blocks. The flo

ors consist of prefabricated concrete and there is a 

ceramic tiled roof on bituminised hardboard panels 

placed on concrete girders and rafters (Fig. 6). The 

actual renovation is planned for 2002 / 2003 under 

the supervision of a project architect. 

Measuring of demolition waste 
To collect the detailed data on waste production, 

three students carried out on-site measurements on 

one house; this was done over a period of three 

days. This house will function as a test house during 

the renovation . They monitored the out-coming ma

terials, caused by demolition of parts of that house. 

The materials were counted and categorized by visu

al inspection on their re-use potential: re-use in this 

project, re-use elsewhere, use for a different applica

tion , or discard. In addition a check was done on the 

degree of treatment before the materials could be re

used. There were four categories of treatment: no 

treatment, cleaning , light treatment and .intensive tre

atment respectively. 

Renovation scenarios for Lievendaal 
In the second part of the research, six scenarios we

re developed for the renovation. 

Table 1. depicts the lifetimes of the various buil

ding components, which are applicable for this pro

ject. As can be seen the lifetime variation is from 25 

years to 50 and 75 years respectively. 

The aim was to find out how the waste producti

on of a renovation project could be reduced by an 
s:: 
o 

improved renovation design and by re-use of materi- ~ o 
als and what the environmental impact of this would i;; 

c.:: 

be. The ECO-Quantum program calculated this im- E 

pact. The reference scenario (1) assumed that the -:;; 
'1l 

houses would be preserved by maintenance for 3: 
o 

another period of 25 years. Consequently the envi- ~ 

ronmental impact was calculated for the planned re-

novation with new materials (scenario 2) , then we 10-
CV) 

o 
o 

oked into the re-use of out-coming materials, whe- ; 
~ 
'<l 

~ 
re by scenario (3) assumed a maximum re-use and 

scenario (4) represented a more realistic percentage 
o 

of re-use. In scenario (5) the original renovation plans z 
oci were critically reviewed and altered, further limiting N 

production of waste. In particular the changes in cir- g 
culation space - location of the staircase and the 

corridor - resulted in an improved dwelling layout. -:;; 

This scenario assumed the maximum re-use of ma

terials while scenario (6) assumed a realistic amount 

of re-use (ROND, 2002) . 
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The renovation project New roofing panels put in place 

80gano grond Vordieping 

Existing floor plan groundfloor (ROND 2002) Existing floor plan 1st floor (ROND 2002) 
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RESULTS 

Analysis 
The first part of the case study showed interesting re

sults, and lists of out coming materials categorised 

for re-use. It was observed that the labourers demo

lished parts of the house at a high speed within three 

days. More materials would be left intact if demolition 

were done with carefully. But the labourers were not 

asked to do so. Demolition was done "oversized", 

more than was indicated on the drawings, with an 

increased materials flow, both in and out. Some ma

terials and installations removed from the house tur

ned out to be outdated, so although these materials 

were still functioning well, they were not re-used in 

this project. 

Environmental impact calculations in the second 

part of the case study gave the following results 

(Table 2). The figure for maintenance is set at 100 re

lative environmental impact points. In case of a ma

ximum re-use the impact of the renovation by the 

project architect could be reduced from 152 to 129 

points, and the revised plan gave a reduction from 

152 to 122. A more realistic re-use percentage of ma

terials lead to higher totals, 142 and 147 respectively. 

Discussion 

1. From the demolition study, we can observe that 

more re-usable materials would be available if la

bourers receive a list of materials that need to be 

removed with care, along with proper instructions 

on removal. However, this would require a diffe

rent approach of the project and consequently, a 

different cost estimate. While this may increase 

the labour cost, the cost for discarding will be lo

wered. The re-use percentage of materials varies 

significantly. For example re-use of timber pro

ducts and roofing metals can be 60-70%, and for 

tiles and staircases 30% (BOUWCARROUSEL, 

2001 ). 

2. The fac;:ade, internal walls, roofs and installations 

are responsible for the highest environmental im

pact. The proposed revisions of renovation plans 

give a lower impact because of simple measures 

like re-use (10% less impact of roofing and 50% of 

iflner walls) . A better layout and shorter mains, etc. 

could save materials. The results show that impro

vements are possible with even limited actions. An 

alternative roofing material with sheep wool insu-

V') 
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Figure 6. Complications due to a thicker roofing panel 

lation put into hollow panels of recycled aluminium 

turned out to have a 30% higher impact compared 

>-
LW 

to a panel made of polystyrene covered with la

yers of chipboard ( Opstalan in scenario 2). The 

higher impact is unrealistic, which is a shortco- s: 
. 0 

mlng of the program, as this doesn't contain the ;; 
. > 

option of re-used aluminium. The program also g 
lacked information on thick chipboard walls. By ~ 
manipulating available data of a chipboard cupbo- .~ 
ard, we were still able to make calculations. The- ~ 
se shortcomings were also reported by HEND- ~ 
RIKS (2002b). N 

3. Only net amounts of building materials were used m 

in the impact calculation . In fact one should bring 2 
in gross amounts of materials, as there is also cre- fi 

. ~ 
atlon of waste due to sawing, cutting to size, etc. ~ 
That also causes an environmental impact. When ~ 
new materials are used, the additional amount of cO 

'" waste can be estimated. However, for the existing '0 

materials in the building, this estimate is not easy : 

and should be studied in more detail. .~ 
4. If the project architect could use at an early stage, g 

precise as-built drawings and lists with the used .~ 
materials and their expected environmental im- ~ :::l 

pacts, he would be able to decide which materials 1? 
should stay in place and which should be removed (;i 0.. 

o 
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1949 I 1977 I 2001 2026 

Foundation, facades, floors, 

wall plates, purlins 

Windows and frames Windows and frames 

Internal door/frames Internal door/frames 

Ceiling plates Ceiling plates 

Roofing-plates, tiles, rafters Roofing plates, tiles, 

rafters 

External finishing of dormer External finishing of 

window dormer window 

Roof gutters, rain-water Roof gutters, rain- water 

pipes pipes 

Internal walls Internal walls Internal walls 

Shower, toilet, kitchen, Shower, toilet, kitchen, Shower, toilet, kitchen, 

Wall tiles wall tiles wall tiles 

Mains, installations Mains, installations Mains, installations 

Lifetime of building parts 

Scenario Description (Relative) environmental 
impact points 

1 Maintenance 100 

2 Renovation by project architect to plan 152 

3 Renovation by project architect maximum re-use 129 

4 Renovation by project architect realistic re-use 142 

5 Renovation revised maximum re-use 122 

6 Renovation revised realistic re-use 147 

Relative environmental impacts of six renovation scenarios, maintenance is set at 100, which is causing the low
est impact 
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before he actually starts the design work for the re

novation. The case study demonstrated the viabi

lity of this option. The housing project in this study 

can be considered representative for more of the

se housing estates. In order to obtain more data, 

also estates with different types of housing should 

be surveyed. 

CONCLUSION 

Conclusions can be drawn, for the case study as well 

as more in general. 

1. Although just one case was investigated, the re

sults are promising. More materials and compo

nents can be re-used if both demolition methods 

and labour instructions are adapted. Reduction of 

demolition to a minimum will not only result in less 

waste but also in less need for new materials. 

2. The achieved reduction of the environmental im

pact is limited to 5-10 (152-147; 152-142) points 

only, which may give the impression that this exer

cise of re-use and reducing waste is just marginal. 

3. The conclusion still holds that comparison of reno

vation scenarios through programs like Eco-Quan

tum is a feasible option. 

4. The Eco Quantum program has too limited an op

tion for calculations of environmental impact with 

waste reductions. This program needs an in

depth revision so as to include effects of waste re

duction. Up to now this effect has been given a 

factor zero. A different option is to produce a bet

ter LCA program. 

5. It turns out that the cost factor is important for de

cisions on re-use of materials. Changes in the 

macro economic system - changes in eco-taxati

on , for example - can push decisions more into 

the "right" (= environmentally sound) direction. 

REFERENCES 

BOUWCARROUSEL, Communications, 2001 . 

ERKELENS, P.A. , Zero Waste renovation, Internal research re

port, Technische Universiteit Eindhoven, 2000. 

HENDRIKS, N.A., Balancing between functionality and extreme 

flexibility, in: Erkelens P. A. et al (Ed.), Beyond Sustainable Buil

ding, Bouwstenen nr. 65, pp. 21 -24, Technische Universiteit Eind

hoven, 2002a. 

HENDRIKS, N.A. and NUN EN, H. van , 2002b A solution to En- Vl 
~ 

vironmental Pressure and Housing Convenience in: (no Eds) ~ 
Proceedings 9DBMC Conference, Brisbane, Australia, on CD- ~ 

LW 

ROM, paper nr. 63, 9 pages. 

l0-
O) 

KIBERT, C. J., 2001 Deconstruction as an essential component of Cl) 
Cl.. 

sustainable construction, in: (no Eds) Proceedings CIB World Buil-

ding Congress, April 2001 , Wellington, New Zealand , on CD

ROM, paper NOV 54, pp. 1-11. 

KLUNDERT, M. v.d, et ai, 2001 Renovatie, Milieu en Afval, BSc 

Thesis Technische Universiteit Eindhoven. 

MVROM ,1989 National Environmental Policy Plan, NEPP 

(Nationaal Milieu Beleidsplan) Report, The Hague. 

LOFFLAD, H. ,2002 Das globalrecyclingsfahige Haus, PHD. 

Thesis, Bouwstenen, nr. 66 Technische Universiteit Eindhoven. 

NUNEN, H. van, 2000 Hergebruikt bouwen met naoorlogse 

systeembouw in: Renovatie & Onderhoud, Juni , Vol. 26, Ten

Hagen & Stam b.v. , The Hague, pp. 10-12. 

NUNEN, H. v.,2001 Aftoppen van flats is haalbaar alternatief, in: 

Bouwwereld, vol. 19-08, pp. 48-49. 

RIVM, 1988 Zorgen voor Morgen, Nationale milieuverkenning, 

1985-2000, Report, The Hague. 

RIVM LAE, 1999 Monitoring prioritaire afvalstoffen, data 1997, 

Report, The Hague. 

ROND, K.2002 de, Milieu vriendelijk renoveren, MSc. Thesis, 

Technische Universiteit Eindhoven. 

SMITH, M., WHITELEGG,1998 J., Greening the built environ

ment, Earthscan, London. 

STROBAND, J., ISRAELS E.G. , 1991 Direct hergebruik van com

ponenten in de woningbouw, Report, Bekker & Stroband, BOOM. 

VINGERLlNG, J.J ., 1994 Afvalpreventie op de bouwplaats, Lec

ture notes, Technische Universiteit Eindhoven. 

VRIES, T. 2001 de, Aftoppen en weer opbouwen, Renovatie en 

Onderhoud, Vol. 26, jan/feb, pp. 22-25, TenHagen & Stam b.v. , 

The Hague. 

Author's Address: 
Dr. Peter A. Erkelens 

Faculty of Architecture 

Eindhoven University of Technology 

P.O. Box 513 5600 MB EINDHOVEN The Netherlands 

e-mai l:p.a.erkelens@bwk.tue.nl 

o 
z 
CD 
N 

o 
> 

'" >= o 
";:: 
n:\ 

E 
Cl) 

~ 
'" '" ::1 
o 
.r 
C 
Cl) 

P. 
o 


