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cost-effectiveness The industrial park of Herdersbrug (Brugge, Flanders,
eco-industrial park (EIP) Belgium) comprises 92 small and medium-sized enterprises, a
_energY_COHSumPtiO” waste-to-energy incinerator, and a power plant (not included
industrial ecology in the study) on its site. To study the carbon dioxide (CO,)

renewable energy neutrality of the park, we made a park-wide inventory for 2007

of the CO; emissions due to energy consumption (electricity
and fossil fuel) and waste incineration, as well as an inventory
of the existing renewable electricity and heat generation. The
definition of CO, neutrality in Flanders only considers CO,
released as a consequence of consumption or generation of
electricity, not the CO, emitted when fossil fuel is consumed
for heat generation. To further decrease or avoid CO, emis-
sions, we project and evaluate measures to increase renewable
energy generation.

The 21 kilotons (kt) of CO, emitted due to electricity con-
sumption are more than compensated by the 25 kt of CO,
avoided by generation of renewable electricity. Herdersbrug
Industrial Park is thus CO, neutral, according to the definition
of the Flemish government. Only a small fraction (6.6%) of
the CO; emitted as a consequence of fossil fuel consumption
(heat generation) and waste incineration is compensated by ex-
isting and projected measures for renewable heat generation.

Ofthe total CO; emission (149 kt) due to energy consump-
tion (electricity 4+ heat generation) and waste incineration on
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Introduction

The concept of sustainable development has
become a guiding principle for governments,
industries, and communities. For industrial
activities, concepts such as pollution pre-
vention (PP), cleaner production (CP), and
industrial ecology (IE) promote innovative tech-
nologies and the shift from end-of-pipe tech-
niques to pollution prevention at the source
(Lowe and Evans 1995; Lambert and Boons 2002;
Cohen-Rosenthal 2004; Mirata and Emtairah
2005).

In recent years, concepts from industrial ecol-
ogy have been used in the planning and de-
velopment of eco-industrial parks (EIPs), which
are intended to increase business competitive-
ness, reduce waste and pollution, create jobs, and
improve working conditions. An eco-industrial
park can be defined as “a community of busi-
nesses cooperating with each other and with the
local community to efficiently share resources
(information, materials, water, energy, infrastruc-
ture and natural habitat). This leads to eco-
nomic gains, improves environmental quality,
and enhances human resources for the business
and local community” (PCSD 1997). Equili-
brated development and growth—through max-
imized eco-efficiency of the park as a whole and
through establishment of symbiotic relationships
(exchange of material and energy streams) be-
tween companies—are the major focus of an eco-
industrial park. Many EIPs are, however, still
in their infancy, and their contribution to both
economic development and environmental pol-
icy is complicated. In many locations, interfirm
networking and collaboration through material
exchange or energy cascading are not yet oper-
ational or are only in the early planning stage.
Several sites in Europe apply industrial symbiosis,
however. Examples are the Styria industrial park
and Hartberg eco-park in Austria, ValuePark
Schkopau in Germany, the BASF site Antwerp
in Belgium, and Biopark Terneuzen in the
Netherlands (Lambert and Boons 2002; Gibbs
and Deutz 2003; Heeres et al. 2004; Mirata and
Emtairah 2005; Vandecasteele et al. 2007; Deutz
and Gibbs 2008; Van Dijck 2008; Liwarska-
Bizukojc et al. 2009; van den Dobbelsteen et al.
2009; West-Vlaamse Intercommunale 2009).
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In Flanders, Belgium, the principles of sus-
tainable development have been incorporated in
a ministerial act (Vlaamse Regering 2003) con-
cerning cofinancing of business parks and office
blocks in view of their sustainable design and
management. Gradually, the elaboration of car-
bon neutrality in industrial environments gained
ground, which led to the Flemish act on carbon
dioxide (CO;) neutrality as a prerequisite to sub-
sidies for business park development (Vlaamse
Regering 2007, 2009). Clustering industrial ac-
tivities to reach CO; neutrality of an industrial
park can be considered as a starting point and
a stimulus for further intercompany collabora-
tion; it can function as leverage to encourage
companies toward economic, ecological, and so-
cial receptiveness, hence redirecting them toward
corporate social responsibility. The objective of
(concerted) carbon neutrality definitely adds to
these principles (Holme and Watts 1999; Heeres
et al. 2004; Van Eetvelde et al. 2007).

In this study, an inventory of the CO; emis-
sions due to energy consumption (electricity and
fossil fuel) and waste incineration, as well as
an inventory of the existing renewable elec-
tricity and heat generation, has been made for
Herdersbrug Industrial Park (Brugge, Flanders,
Belgium) for 2007. To achieve CO; neutrality
of Herdersbrug Industrial Park, we project and
evaluate renewable electricity and heat genera-
tion as well as energy-saving measures. These are
compared and ranked on the basis of their capac-
ity for CO; reduction or compensation and their
cost-effectiveness.

This study thus investigates the CO; neutral-
ity of an industrial park in a broader sense than
usual in Flanders. Introduction of renewable en-
ergy to an industrial park only makes sense after
critical evaluation of the actual energy consump-
tion and after implementation of energy-saving
measures, such as relighting and insulation.

Carbon Dioxide Neutral
Eco-Industrial Park

Emission of CO; by the combustion of fossil
fuel is of great concern to scientists, technologists,
and policy makers. On the international level,
several countries approved the Kyoto Protocol,
which aims to reduce greenhouse gas emissions
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for 2008-2012. Recently, the European Union
(EU) set new guidelines for its member coun-
tries (20/20/20 objectives) intended to improve
energy efficiency by 20%, introduce 20% renew-
able energy, and reduce greenhouse gas emission
by 20% by 2020. As a consequence, EU gov-
ernments have introduced measures and incen-
tives to decrease fossil fuel consumption and to
promote energy-saving methods and technolo-
gies (Hanley et al. 1997; Kunsch et al. 2004).
An emission trading system has been imposed on
the member states to stimulate energy-intensive
sectors to reduce their CO; emissions. Unfortu-
nately, no stringent engagements to reduce the
emission of greenhouse gases were agreed on at
the climate summit in Copenhagen (December
2009). Researchers stated that to limit global
temperature increase to 2°C, developed countries
must by 2020 reduce greenhouse gas emission by
25% t040% compared to 1990 (Wikipedia 2009).

Nowadays, introduction of renewable energy
and energy-saving measures is one of the main
issues in EIPs in Flanders, Belgium. The Flemish
government included the concept of CO; neu-
trality in the subsidy decree to design and man-
age new or to revitalize existing industrial parks
(Vlaamse Regering 2007).

CO; neutrality is defined in Flanders as “CO,
neutral electricity consumption by the companies
in the park” or “compensation of CO; emissions
due to electricity consumption” (Agentschap on-
dernemen 2009, 11). This can be achieved with
renewable energy (produced in the park or pur-
chased) or by compensation for CO; emissions
with emission credits when nonrenewable elec-
tricity is used. In Flanders, only compensation
of CO; emissions due to electricity consumption
qualifies for subsidies to set up new or to revi-
talize existing industrial parks, not CO; emis-
sions due to (nonelectrical) heating of buildings
and to (nonelectrical) generation of process
heat (Bourgeois 2008; Agentschap ondernemen
2009). In Flanders and in the Netherlands,
these emissions represent about 40% of the total
CO; emissions (Ministerie Economische Zaken
Nederland 2008; Vlaamse Milieumaatschappij
2008). Heat can be generated from renewable
sources, and residual heat from some high-
temperature processes can have useful applica-
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tions (Vandecasteele et al. 2007; Van Dijck
2008).

At the European level, no unequivocal vision
on the generation and use of renewable heat ex-
ists, as is the case in Flanders. In 2007 the Therra
Project was set up to formulate a definition for
renewable heat and to develop a methodology to
investigate potential renewable heat production
in Europe (Therra Project 2007). The results of
the Therra Project are a source of inspiration for
directives on renewable heat in the EU. Some Eu-
ropean countries have already introduced a num-
ber of measures to reduce fossil fuel consumption
for heat production, the most important being
design of heat charts; lists of supply and demand
of hot and cold streams; screening of companies’
heat consumption; subsidies for heat exchange
in industry and agriculture; obligatory use of re-
newable energy for heat supply in new buildings;
and financial support for heat projects, such as
centralized industrial heating and construction
of heat networks (Bundesministerium Deutsch-
land 2008; Ministere de I’ Ecologie France 2008;
Ministerie van Economische Zaken Nederland
2008). Besides the allocation of subsidies to stim-
ulate CO; neutrality of industrial parks, the
Flemish government subsidizes “green electric-
ity certificates” (per megawatt-hour [MWh] of
electricity generated from renewable sources)!
and “combined heat and power certificates” (per
MWHh energy saved with combined heat and
power [CHP], compared to separate generation
of electricity and heat recovery in a boiler).

Herdersbrug Industrial Park

Herdersbrug Industrial Park is situated along
the Boudewijn channel (figure 1), which con-
nects the seaport of Zeebrugge with the inner
port of the city of Brugge (Belgium). The indus-
trial park consists of 92 small and medium-sized
companies with different activities, such as join-
ery, small trade, offices, storage and distribution,
and production. Herdersbrug is thus a mixed in-
dustrial park. In mixed industrial parks, industrial
activities of a diverse nature are concentrated in
dedicated areas with little or no coupling of pro-
duction processes (Lambert and Boons 2002).
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Figure | Photograph of Herdersbrug Industrial Park (Brugge, Belgium). Source: Reproduced with
permission of West-Vlaamse Intercommunale, Brugge, Belgium, 201 |.

Besides the 92 companies, a combined-cycle
gas turbine (CCGT) power plant (460 megawatt
[MW] electrical),? fueled by natural gas, and a
waste-to-energy plant (170 kilotons [kt] munic-
ipal solid waste/year)’ are located on the park.
Although the power plant emitted 840 kt of CO;
in 2007, it was excluded from the study, because
most of the customers of the power plant are sit-
uated outside Herdersbrug Industrial Park. The
considered plant uses a highly efficient technol-
ogy (steam and gas [STEG] power plant).

The municipal solid waste (MSW) incinera-
tor is of the grate furnace type. There are 21 wind
turbines at the Herdersbrug site, each of 600 kilo-
watts (kW). Two companies have installed solar
panels on their roof.

The study of the CO; neutrality of
Herdersbrug Industrial Park was initiated by the
Provinciale Ontwikkelingsmaatschappij West-
Vlaanderen (POM; Provincial Development
Agency of the province) of West Flanders, where
the industrial park is situated. Workshops and
meetings to inform the companies on the park

Block et al., Toward a CO;-Neutral Industrial Park

were and are still organized on a regular basis by

the POM.

Inventory of Emitted and
Avoided Carbon Dioxide

Inventories of CO; emissions due to energy
consumption (electricity and fossil fuel) and
waste incineration and of the existing renew-
able energy (electricity and heat) generation were
made for Herdersbrug Industrial Park for 2007.
Moreover, a number of measures for further re-
duction or compensation of CO; emissions were
projected and evaluated. These were ranked on
the basis of the avoided CO; emissions and cost-
effectiveness (Van Praet and Windels 2009).

Data Acquisition

Electricity and natural gas consumption data
were provided by the distribution grid operator
Eandis. Fuel oil consumption data were collected
by means of an inquiry. For 15 companies out of
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the 92 that use fuel oil, consumption data were
not available. For these companies, fuel oil con-
sumption was estimated with a tool developed by
Hens (2008). The validity of the estimates was
checked through comparison of real consump-
tion data with estimates for six other companies
with similar energy use and known consump-
tion of fossil fuel; the difference was only 6%.
Moreover, the estimated fuel oil consumption of
the 15 companies accounted for only 2.8% of
the total fuel oil consumption of the industrial
park.

To calculate CO; emissions and avoided CO,
emissions, we used emission factors. The Minis-
terial Decree for CO; Neutrality for Industrial
Parks in Flanders proposes an emission factor
of 0.6 kilograms carbon dioxide per kilowatt-
hour (kg CO,/kWh) for electricity consumption
(Vlaamse Regering 2007). This corresponds to
electricity production with fossil fuel but excludes
nuclear power. This emission factor is preferred,
as generation of renewable electricity will, in
Belgium, not result in closure of a nuclear power
plant (consequential approach; Finnveden et al.
2005). On the basis of the energy mix for electric-
ity production in Belgium (FOD 2010) and the
emission factors for power plants fueled by coal
and natural gas (Donos et al. 2007), we obtained a
similar value (0.62 kg CO;/kWh). The emission
factors for CO; of fossil fuel (0.264 kg CO;/kWh)
and natural gas (0.201 kg CO;/kWh) were ob-
tained from the Department of Environment of
the Flemish Government (Velghe 2009). To cal-
culate the avoided CO; emissions due to re-
newable electricity and heat generation, we used
emission factors of, respectively, 0.6 kg CO,/kWh
and 0.201 kg CO,/kWh (natural gas).

Carbon Dioxide Emissions Due to Energy
Consumption and Waste Incineration

The CO; emissions in 2007 due to energy
(electricity and fossil fuel) consumption and
waste incineration are given in table 1. CO;
emissions corresponding to electricity consump-
tion (34,300 MWh) of the 92 small and medium-
sized companies amounted in 2007 to 21 kt; CO,
emissions due to fuel 0il (22,750 MWh) and natu-
ral gas (121,020 MWh) consumption amounted
to 30 kt. The waste incinerator plant emitted
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Table | Carbon dioxide (CO,) emissions in the

Herdersbrug Industrial Park in 2007 due to energy
(electricity and fossil fuel) consumption and waste
incineration (kilotons)

Energy consumption CO; emissions (kt)

Electricity (92 companies) 210
Fossil fuel (92 companies)
Fuel oil 6b
Natural gas 24¢
Waste incineration (nonbiogenic) 98

Total emissions 149

2Emission factor: 0.6 kilograms carbon dioxide per
kilowatt-hour (kg CO;/kWh).

bEmission factor: 0.264 kg CO,/kWh.

¢Emission factor: 0.201 kg CO;/kWh.

211 kt of CO; in 2007. From the composition
of MSW in Flanders (Claes et al. 2007) and the
biogenic carbon content of the different waste
fractions, we calculated that 113 kt (53.5% of
the 211 kt of emitted CO;) was of biogenic ori-
gin (Astrup et al. 2009). Biogenic CO; is emit-
ted during combustion of the organic fraction
of MSW (kitchen and garden waste). As dur-
ing growth crops absorb CO;, which they release
shortly thereafter during combustion, CO; bal-
ance can be considered. The biogenic CO; was
subtracted from the total CO; emissions of the
incineration plant. The nonbiogenic CO; emis-
sion of the waste incinerator was thus 98 kt.
CO; emissions due to fossil fuel consumption and
(nonbiogenic) waste incineration in Herdersbrug
Industrial Park amounted in 2007 to 128 kt; to-
gether with the CO; emitted due to electricity
consumption, a total CO; emission of 149 kt was
obtained.

Renewable Energy Inventory

We made an inventory of the renewable elec-
tricity and heat generation in the park in 2007,
together with the corresponding avoided CO;
emissions (figures 2 and 3). There were 21 wind
turbines in the park, each with a capacity of
600 kW, which corresponds to the yearly genera-
tion of 22,100 MWh of renewable electricity and
the avoidance of 13 kt of CO; (for turbines on
land, an efficiency of 20% is generally accepted).
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Electricity: yearly avoided CO, (kt*)

CO, emission non-renewable electricity = 21 kt (2007)

100
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*kiloton

Figure 2 Avoided carbon dioxide (CO,) emissions in Herdersbrug Industrial Park due to the generation of
renewable electricity for existing (25 kilotons [kt]) and projected (67 kt) measures.

The roof of two companies (16,000 square
meters [m?])* was covered with photovoltaic pan-
els, which generated yearly 1,300 MWh of re-
newable electricity (76.65 kWh/m?, given a roof
inclination of 30° and with shading taken into
account), which avoids the emission of 0.8 kt of
CO;.

The boiler of the waste incinerator generates
high-pressure steam, used to drive a 4-MW tur-
bine to produce electricity (33,320 MWh yearly).
After the turbine, low-pressure steam is passed
through two heat exchangers to give water of

120°C and 8 bar, which is distributed through a

heat network to ten customers. This hot water is
used as process energy and for building heating
(41,200 MWh). Because 53.5% of the waste is
biogenic, 53.5% of the electricity and heat gen-
erated by waste incineration can be considered
as renewable, which corresponds to 11 and 4.4 kt
of avoided CO; emissions, respectively. Renew-
able energy in the Herdersbrug Industrial Park in
2007 corresponds thus to 29 kt of avoided CO;,
25 kt from the generation of renewable electric-
ity (wind energy, solar energy, and waste incin-
eration) and 4.4 kt from renewable heat (waste
incineration).

Heat: yearly avoided CO, (kt*)

Total CO, emission fossil fuel and waste = 128 kt (2007)

9
8
7 -
6 4
5 I .
4 Biomass
3 B Waste
2 4
1
0 T 0 T
Existing Projected Total
*kiloton

Figure 3 Avoided carbon dioxide (CO,) emissions in Herdersbrug Industrial Park due to the generation of
renewable heat for existing (4.4 kilotons [kt]) and projected (4 kt) measures.

Block et al., Toward a CO;-Neutral Industrial Park
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Projected Measures and Avoided Carbon
Dioxide Emissions

To further decrease or avoid CO; emissions,
we projected and evaluated measures to increase
the generation of renewable energy; their yearly
avoided CO; emissions are given in figures 2
and 3.

Plans exist to replace the 21 turbines (each of
600 kW) with new ones with a capacity of 2 MW
each. The planned wind turbines will, compared
to the existing ones, yearly generate 51,500 MWh
of extra renewable electricity, which corresponds
to an avoided CO; emission of 31 kt (20% effi-
ciency of the wind turbine). The extra renewable
electricity generation due to covering the total
roof surface of the buildings (from 16,000 m? to
147,000 m?) with photovoltaic panels was esti-
mated to generate an extra 10,000 MWh/year,
which corresponds to 6 kt of avoided CO; emis-
sion. To increase its heat recovery efficiency, the
waste incinerator plant started, in early 2010, to
replace the 4-MW turbine with a 12-MW one,
which corresponds to an extra yearly electric-
ity generation of 66,600 MWh/year compared to
the 4-MW turbine. In addition, 53.5% of the
electricity (corresponding to the biogenic carbon
content of the waste) can be considered as re-
newable energy and so avoids the emission of an
extra 21 kt of CO;. The feasibility of installing a
biomass fermentation plant with a yearly capac-
ity of 135 kt biomass was assessed (Colsen 2008).
The building permit was applied for in the begin-
ning of 2010. The biomass will consist of waste
streams provided by companies on the site and by
external companies. The produced biogas will be
combusted in a CHP plant and thus used to gen-
erate electricity and heat. The heat will be trans-
ported through a heat network to a wax candle
company, where it will be used as process energy;
it will also be used for heating purposes in nearby
companies. The biomass fermentation installa-
tion will generate 14,400 MWh/year of renewable
electricity and 20,200 MWh/year of renewable
heat, which corresponds to avoided emissions of
8.8 and 4 kt of CO;, respectively. Projected re-
newable energy generation corresponds thus to
71 kt of avoided CO; emission: 67 kt from re-
newable electricity, and 4 kt from renewable heat
generation.
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Generation of renewable energy only makes
sense after a critical evaluation of the actual
energy consumption and the implementation of
energy-saving measures. Therefore, we also con-
sidered the application of energy-saving measures
such as relighting (e.g., dimming systems, day-
light sensors, high-efficiency lighting, automatic
approach detection) and building insulation. The
quantification of the energy-saving measures (re-
lighting and insulation) was based on the method
developed by the British energy study BRECSU
(BRECSU 2000). This study classifies industrial
buildings (built in the 1980s) into four classes
and compares their energy consumption before
and after application of energy-saving measures.
Most of the buildings in Herdersbrug are Class 2
buildings; these are characterized by office and
production activities and have a restricted en-
ergy management, an inefficient energy use, and
a total floor area between 500 and 4,000 m?.

For Class 2, buildings electricity consumption
is reduced by 42% (16 kWh/m?) after the in-
troduction of relighting measures, and fossil fuel
consumption is reduced by 46% (69.5 kWh/m?)
after the insulation of buildings. Lighted floor sur-
faces (110 x 10° m?) and roof and wall surfaces
(270 x 10° m?) for the different companies in
Herdersbrug were estimated on the basis of in-
formation obtained from individual companies
and from aerial photographs. Application of the
BRECSU figures to the Herdersbrug site results
in an annual CO; emission reduction of 1.1 kt
(1,800 MWh) and 3.8 kt (18,800 MWh) for re-
lighting and insulation, respectively. CO; emis-
sions avoided by energy-saving measures and by
existing and projected renewable energy (elec-
tricity and heat) are summarized in table 2.

Economic Study

We performed an economic study to estimate
investment cost and payback time (table 3). The
payback time is determined on the basis of the

calculation of the net actual value:
20

Net actual value = Z yearly discounted revenues
0

— investment costs

with a discount factor of 4% and a yearly increase
of energy prices of 3%; the net actual value is



Table 2 Avoided carbon dioxide (CO;) emissions
by existing and projected measures (electricity and
heat)
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electricity corresponding to the emission of 21 kt
of CO;, whereas existing renewable electricity
generation (wind, solar, waste incineration) in
the park corresponded to 25 kt of avoided CO,

Measure Existing Projected Total
(figure 2). This means that Herdersbrug Industrial
Wind turbines 13.0 31.0 440 Park was CO, neutral, according to the Flemish
Solar energy 0.8 6.0 6.8 definition of CO; neutrality of industrial parks.
E((aste 1nfclnerat1or} 154 12218 igg The projected renewable electricity generation
10mass ermen@t}on ] : : (wind, solar, waste incineration, biomass fermen-
Insulation of buildings - 3.8 3.8 . .
Relighting ) 11 11 tation) corresponds to 67 kt of avoided CO; (fig-
Total 29.2 75.7  104.9 ure 2). Existing and projected renewable electric-

Note: Values are in kilotons.

calculated for a period of 20 years. The yearly dis-
counted revenues take into account government
allowances, savings by investment deductions,
yearly extra income due to electricity generation,
and green power certificates. Total investment
costs and government allowances are considered
in the year of execution of the project; the invest-
ment deduction is considered in the following
year. Nonrecurrent expenses and initial invest-
ments are registered in the year of execution.

Is Herdersbrug Industrial Park
Carbon Dioxide Neutral?

As appears from table 1, in 2007, the 92 com-
panies in Herdersbrug Industrial Park consumed

ity thus give 71 kt more avoided CO; yearly than
required for CO; neutrality (Flemish definition).

When the CO; emitted due to fossil fuel com-
bustion (heat generation) is also considered, the
following CO; balance is obtained. The 92 com-
panies of Herdersbrug Industrial Park emitted in
2007 30 kt of CO; due to fossil fuel combustion.
The waste-to-energy plant emitted in 2007 98 kt
nonbiogenic CO;, which left a total of 128 kt
of CO; to be compensated for the whole park
(table 1). To date, only the waste-to-energy plant
generates renewable heat, which corresponds to
4.4 kt of avoided CO; per year; 4 kt per year of
avoided CO; is projected by biomass fermenta-
tion (figure 3). Existing and projected renewable
heat generation thus compensate for only 6.6%
of the 128 kt of CO; emitted by fossil fuel com-
bustion and waste incineration.

Of the total CO; emission (149 kt/year) cor-
responding to the energy consumption and waste

Table 3 Estimated investment costs, payback times, avoided carbon dioxide (CO,), and cost-effectiveness

for the projected measures

Projected Investment costs Total avoided Cost-

measure (10° €) Payback time CO,* (%) effectiveness

21 turbines 600 kW — 50.4 6 years and 1 month 41 1.6
2 MW

Solar energy roof surface 33 5 years and 7 months 8 5.5
16,000 m? — 147,000 m?

Waste incineration 27 6 years 28 1.3
4 MW — 12 MW

Biomass fermentation 8.7 2 years and 3 months 17 0.7

Relighting 1.0 6 years and 6 months 1.5 0.9

Insulation 5.4 2 years and 9 months 5 1.4

Total 125.5

2 = square meters.

Note: kW = kilowatts; MW = megawatts; m
2Projected measures: 76 kilotons (see table 2).

bInvestment cost/yearly projected avoided CO; (€/kg).

Block et al., Toward a CO;-Neutral Industrial Park 591
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Total CO, balance: emitted (non-renewable) and
avoided (renewable) CO, (kt*)

160

140 A

120 4

100 -+
80

60 -

40 -

20 A

emitted

*kiloton

avoided

Figure 4 Carbon dioxide (CO,) balance for Herdersbrug Industrial Park: emitted CO, by consumption of
nonrenewable energy (electricity and heat) and waste combustion (149 kilotons [kt] in 2007) and yearly

avoided CO, emissions by energy-saving measures and existing and projected renewable energy (105 kt).

incineration in Herdersbrug Industrial Park in
2007 (table 1), 100 kt (67%) can be compen-
sated for by existing and projected renewable
energy generated in the park. When we also in-
clude energy-saving measures, such as relight-
ing (1.1 kt) and building insulation (3.8 kt),
in the balance, the avoided CO; increases to
105 kt/year; this means that 70.5% of the emitted
CO; is compensated (figure 4).

Investment costs and payback times for the
projected methods are given in table 3. Total in-
vestment costs are estimated at 125.5 x 10° euro.
The contributions to the total avoided projected
CO; emissions for the different projected mea-
sures are given in percentages. The largest contri-
butions are from wind energy, waste incineration,
and biomass fermentation (41%, 28%, and 17%,
respectively). To compare the cost-effectiveness
of the projected measures, we calculated the ratio
of investment cost to yearly avoided CO;; the val-
ues are given in euros per kilogram CO; (table 3).
There is not much difference among the meth-
ods, with the exception of solar energy, which is
the least cost-effective (ratio of 5.5). The low-
est ratios are obtained for renewable energy from
biomass fermentation and for the application of
relighting measures (0.7 and 0.9, respectively).
Forty-seven percent of the yearly avoided CO;
corresponds to renewable energy generated from
waste treatment.
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Discussion

Achieving CO; neutrality for an industrial
park, according to the definition in Flanders,
is feasible when only electricity consumption
and renewable electricity generation are con-
sidered. When CO; emissions due to fossil fuel
combustion and waste incineration (heat gen-
eration) are taken also into account, achiev-
ing CO; neutrality is more difficult. In Flan-
ders, residual heat from important heat sources,
such as waste incinerators and power plants, is
seldom used. On the one hand, Flanders lacks
heat distribution networks: For an efficient use
of residual heat, the heat source needs to be
close to the customers, and constant purchase
of heat is required. On the other hand, equip-
ment for the generation of renewable electricity,
such as photovoltaic cells and wind turbines,
is subsidized, and green electricity certificates
(0.08-0.33 €/kWh; values for 2011) are ob-
tained for the generated renewable electricity
(VREG 2010). Residual heat is applied as pro-
cess heat in industry, however. The BASF site in
Antwerp (Belgium) connects endothermal and
exothermal processes, so that only a small amount
of additional energy is needed, which is produced
in a power station to compensate for the energy
deficit (Vandecasteele et al. 2007). Also at the
Biopark Terneuzen (the Netherlands), residual



heat is exchanged among companies, which im-
proves the eco-efficiency of the park (Van Dijck
2008).

Listing supply and demand of hot and cold
streams and screening heat consumption of com-
panies, together with financial support for heat
projects, such as centralized industrial heating
and construction of heat networks, can create
opportunities for renewable heat generation and
use. Feasibility studies are necessary to prove the
advantages of heat networks. Park managers but
also the Flemish authorities should encourage
companies to become part of intercompany net-
works. In old industrial parks, such as Herders-
brug Industrial Park, initiatives are indeed seldom
considered. Fortunately, in new industrial parks,
park managers play an important role: They have
to watch over the rules and agreements for the
setting up of new parks—CQO; neutrality being
one of them—and select companies according to
these rules.

Conclusion

It can be concluded that the Herdersbrug In-
dustrial Park is CO; neutral according to the def-
inition of CO; neutrality of industrial parks in
Flanders. Existing and projected renewable elec-
tricity generation even give 71 kt more avoided
CO; yearly than required for CO; neutrality.
From the CO; emitted due to the consumption
of fossil fuel and waste incineration, only 6.6% is
compensated for by existing and projected mea-
sures. From the total CO; emission (149 kt)
corresponding to the energy consumption of
Herdersbrug Industrial Park in 2007, 70.5% can
be neutralized by energy-saving measures, waste
incineration, and existing and projected renew-
able energy generated in the park. Waste treat-
ment can play an important role in achieving
CO; neutrality of an industrial park, even waste
incineration, which is not considered as renew-
able in the strict sense. Combustion of the bio-
genic fraction of the waste generates renewable
energy, and the combustion of the nonbiogenic
carbon is also beneficial, because it avoids the
consumption of an equivalent amount of fossil

fuel.
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Industrial parks can achieve CO; neutrality
by purchasing renewable energy or generating re-
newable energy themselves. A sustainable energy
strategy is only possible if it is outlined by the
park manager together with the tenants of the
park and is supported by policy makers. Attention
should be given so that the choice of renewable
energy measures depends on more than the atti-
tude of the companies toward the mix of subsidies
and ruling energy prices.

Carbon neutrality of industrial parks can be
considered as a starting point and a stimulus
for further intercompany collaboration. The cre-
ation of an energy conscience is necessary for a
cost-effective sustainable energy strategy that is
part of the energy policy of companies and in-
dustrial parks (Maes et al. 2011; van den Dobbel-
steen et al. 2009). In the future, reuse of residual
heat and generation of renewable heat should be
stressed in the renewable energy strategy of Flan-
ders; this could be initiated, for example, by a
broader definition of the CO; neutrality of in-
dustrial parks. Striving for renewable energy is
the final target of a sustainable energy strategy,
but in the first place, reduction of energy con-
sumption must be focused on thorough process
optimization and energy efficiency!
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Notes

1. One megawatt-hour (MWh) ~ 3.6 x 10° joules
(J,SI) ~ 3.412 x 10° British Thermal Units (BTU).

2. One megawatt (MW) = 10° watts (W, SI) =
1 megajoulefsecond (M]/s) &~ 56.91 x 10 British
Thermal Units (BTU)/minute.
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3. One kilotonne (kt) = 10% tonnes (t) = 10> mega-
grams (Mg, SI) & 1.102 x 10? short tons.
4. One square meter (m?, SI) ~ 10.76 square feet (ft?).
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