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Electricity: 2400 kWh /yr

Fuel: 11000 kWh /yr

Mobility: 14000 km /yr

Waste: 1200 kg /house yr

Water: 100 m3 /house yr

Food consumption

Food supply 

HOUSEHOLD
CARBON SOURCES

2.17 PEOPLE/HOUSE

appliances & light

space cooling

space heating

water heating

cooking

private car use

n.1.4 cars per house

77% recycled and 
composted

23% waste to energy

Meat plus

Food industry 

MISSING DATA



Electricity: 1100 kg CO2eq

Fuel: 2700 kg CO2eq

Mobility: 2400 kg CO2eq

Waste: 200 kg CO2eq

Water: 60 kg CO2eq

4200 kg CO2eq

10.6
t CO2eq 

10%

25%

22%

2%

1%

39%

HOUSEHOLD
CARBON FOOTPRINT



Carbon Footprint per household

Pulselli et al.“Carbon accounting 
framework for decarbonisation of 
European city neighbourhoods”. Journal of 
Cleaner Production 208 (2018) 850-868. 

10.6 t CO2eq

1.56 hectares

2.3 football fields

HOUSEHOLD
CARBON FOOTPRINT



47934 inhabitants 2019

22045 households (2.17 people/house) 

52,500 MWh households electricity

236,000 MWh households natural gas

154,800 MWh other electricity

111,000 MWh other natural gas

164,000 MWh private car use

45,600 MWh other transport

26,172 t waste

2779320 m3 water

Municipality of Zutphen



24,150 t CO2eq households electricity (7%)

59,500 t CO2eq households natural gas (17%)

71,200 t CO2eq other electricity (21%)

27,900 t CO2eq other natural gas (8%)

46,200 t CO2eq car use (14%)

12,800 t CO2eq other transport (4%)

4700 t CO2eq waste (1%)

1626 t CO2eq m3 water (0%)

92,200 t CO2eq FOOD (27%)

Municipality of Zutphen



340,000 t CO2eq

Municipality of Zutphen
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Energy strategy



Own energy first J
§ Use your potential! 



Our energy approach: the New Stepped Strategy

0 research: study the local characteristics

1 reduce: reduce the demand
! passive, smart bioclimatic design

2 reuse: use residual flows
! waste water, waste material, waste heat
! in closed or connected cycles

3 produce: generate renewable energy



Renovating monuments



Individual solutions for monumental buildings
Air heat pump or infrared panels (+ thermal insulation)

[Green Light District] [OneWorld]



Beautiful heritage of Zutphen



Not all heritage buildings are monumental



3 main solutions for 
the old town of Zutphen



Inner city solution: biogas + hydrogen



H2: from electricity to hydrogen
Electrolysis: electricity à 70% hydrogen + 20% heat of ?oC



H2: from hydrogen to electricity
Fuel cell (brandstofcel): hydrogen à 70% electricity + 30% heat of 90oC



H2: Seasonal storage

Storage of hydrogen or heat of 90oC



Efficiency of hydrogen

From sustainable electricity to hydrogen gas for heating houses efficiency = 47%



Heat pumps: using environmental heat

Heat pump: electricity à 400% heat of 60oC and cold of 12oC
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Efficiency of heat pumps

From sustainable electricity to heat with an air based heat pump efficiency = 263%.
That is 263 / 47 = 5.6 times better. With other sources even better (ground/PVT).



Alternatives for heat for local industries 
Biogas for the built environment or for industrial processes?
Temperatures demanded by industries (in degrees Celsius):
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Inner city solution: low-temperature heat network



HT source HT storage LT source LT storage

High- and low-temperature sources & storage



Inner city solution: high-temperature heat network



ZES



A large energy plant
§ Great use of electricity and gas

§ Many roofs for photovoltaic power
! Potential to produce green hydrogen (H2)

§ High-temperature waste heat (90oC)
! Copper melting
! Plastic recycling

§ Low-temperature waste heat (25oC)
! Waste water treatment
! Milk factory effluent

§ Biogas
! Biofermentation 



HT residual 
heat from 
industries 
De Mars

Natural gas 
and hydrogen

Electricity

30oC

Industrial area “De Mars”

90oC

Residual heat is lost 
in the air and river

The situation now
Districts in Zutphen

Natural gas

Electricity

95% of the buildings 
heated with a gas boiler



Space heating and domestic hot water 
for historical buildings in the old city 
centre of Zutphen. Buildings < 1900

HT residual 
heat from 
industries 
De Mars

90oC high-
temperature 
heat storage

Biogas and 
hydrogen

Electricity

90oC 70oC

70oC

Industrial area “De Mars” Districts in Zutphen

90oC



Space heating and domestic hot water 
for historical buildings in the old city 
centre of Zutphen. Buildings < 1900

Space heating and domestic hot water 
for renovated buildings of Zutphen
1900 – 1975 (NOM)

Space heating (renovated) buildings of 
Zutphen 1975 – 2020. Domestic hot 
water with heatpump boiler or booster

Space heating and domestic hot water 
with individual heatpump (BENG) 
disconnected from the gas grid > 2020
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Space heating and domestic hot water 
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§ Old town first
§ Along the main streets and alleys

HT heat supply to the city



Living archaeology



Imagine how interesting streets would become…



Cascading



Using ponds and the milky way



The power of water



Zutphen has a lot of hydro power!



Hydro power from discharge points
§ Berkel (2x)
§ Vierakkerse Laak



Berkel power potential

E = M x g x ∆h x 𝛈 (energy = mass x gravity x height difference x turbine efficiency)

§ River speed: 2 m/s à 7,200 m3/h or 172,200 m3/day or 63*106 m3/year per m2 width and height
§ 63*106 m3 x 1000 kg/m3 = 63*109 kg of water mass per m2 width and height

§ River cross section (2 discharge points): 8 m x 1 m à 512*109 kg

§ 40% turbine efficiency (fish friendly, no detour possible)

Total energy potential: E = 512*109 x 9.82 x 0.4 = 2.0*1012 J = 2.0 TJ/year =

7.2 GWh per year



Flood safety



The tides



Markers



IJssel power



IJssel power plant



By-pass



IJssel power potential

E = M x g x ∆h x 𝛈 (energy = mass x gravity x height difference x turbine efficiency)

§ River speed: 5 m/s à 18,000 m3/h or 432,000 m3/day or 158*106 m3/year per m2 width and height
§ 158*106 m3 x 1000 kg/m3 = 158*109 kg of water mass per m2 width and height

§ River cross section permanent: 10 m x 3 m à 4.74*1012 kg
§ River cross section at high tides (average, 4 weeks/yr): 50 m x 2 m à 1.22*1012 kg
§ Total water mass pushed through turbines: 5.96*1012 kg

§ 60% turbine efficiency, 50% reduction due to resistance (water taking a detour)

Total potential: E = 5.96*1012 x 9.82 x 0.3 = 17.6*1012 J = 17.6 TJ/year =

63 GWh per year



Energy performance



Energy demand municipality of Zutphen

HEAT DEMAND:  369 GWhth

ELECTRICITY DEMAND: 207 GWhe

Fuel: 210 GWhpr

MOBILITY



Heat potentials 

Space for production

1 sewage treatment 
plant (RWZI)

Solar thermal on roofs 
(50ha) OR
PVT on roofs (50ha)

PVT non-roofs (50ha)

369 GWh > 1000 GWh



Electricity potentials

Space for production

12 Wind turbines

20% of all roofs 

50 ha non-roof

Water turbines



70 GWh

70 GWh

70 GWh

40 GWh

25 GWh

Water/air/ATES/PVT/waste heat   
(+ Heat pump)

Water/air/ATES/PVT   
(+ Heat pump)

Waste heat

Heat Balance



Mobility: Modal Split & Electrification

210 GWh

70 GWh



Production from

12 Wind turbines

60 ha non-roof

40 ha roof (25% of all roofs) 

x Water turbines

Electricity Balance



Zutphen Power Hub

Biogas and hydrogen (50GWh) is produced to power the 
industrial processes

HT waste heat (65GWh) from these ind. processes



Robust HT heat grid

A collective high temperature heat grid starts at the business 
district

It distributes waste heat and different sustainable heat sources 
to the nearby neighbourhoods



New heat sources

• PV-thermal on roofs+ ATES + industrial heat pump
• Floating PV-T
• Water + ATES + industrial heat pump
• Waste heat from hydrogen production/storage



HT waste heat for the inner city

• High temperature heat from the business park to 
the historic city

• Individual heat projects also possible (e.g. Klein 
Vaticaan)



HT heat grid cascade to MT heat grid

• Old neighbourhoods (> 1900) around the historic 
city can get a cascaded heat grid at medium 
temperature



New MT heat sources

Connect different sustainable sources to the grid like:

• Heat from water bodies

• Waste heat from cooling processes

• PV-thermal panels



Seasonal storage and heat pumps

The heat produced in summer can be stored 
underground in ATES

central heat pumps can upgrade this heat to medium 
temperature  

HP

HP

HP

HP



LT heat grids for neighbourhoods > 1975

Collective heat grids on Low Temperature for relative 
young neighbourhoods.

Individual grids or cascaded form the MT grid



New LT heat sources

Connect different sustainable sources to the grid like:

• Heat from water bodies

• Waste heat from cooling processes

• PV-thermal panels

(+ seasonal storage & Heat pumps)



Individual all-electric buildings

Buildings outside the denser neighbourhoods with the heat grids 
become individually all-electric 



Central electricity production

40 ha of  PV(T) panels on roofs

60 ha of  PV(T)-panels along roads or on green lands

12 wind turbines

1 large water turbine

800 panels/yr (4/working day) until 2050
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Urban plan



Zutphen Urban design 
strategy

Urban design is effective not 
efficient!!

How do we use the heritage 
infrastructure to our 
advantage?

How do we better connect the 
city to its landscape 

How do we better connect the 
city to itself

And be more resilient - less 
carbon, better equipped to deal 
with climate change

Oh – and reduce the average 
distance to a café!   (at present 
2km – Dutch average 1.2km) 



Zutphen.  And and AND

• Serious Heritage

• Continual adaptation

• Multiple layers – 2 directions
City growth horizontally
City growth vertically

• New topology

• Denial of the river
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• Urban disconnection

• Operation market garden

• Too much green!
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Zutphen.  And and AND
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• Water city

• Landscape disconnection

• Urban disconnection
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• Too much green!



The city is 5 times too big (at least)

• Long way for a coffee

• Sensible blue

• Sensible grey but not commensurate with grey

• Appropriate scale

• Additive history (vertical)
Different paradigms

• Layered history (horizontal) 
Different paradigms

. 



• Pebble city

• Motorway city

• Concentration of function in centre
but poor connection. 

Good adaptations

• Cross walls allow change

• Ditch to road. 
And back again



Morphology

• Streets not roads

• Climate proof water (flow/storage/drain)

• New waterfront

• Grand unifying theory 
(make the city be one)

• Through not round

• Consolidate green network (disappears)



• New connections

• Self similar neighbourhoods

• Meaningful scale of network

• Densify and reconfigure

• Raise the city!!

• Meaningful network



Content

• Longer horizon vision

• Transition – local skills

• Take food to the people ( unpack food locally)

• Changing context

• Café society

• Locally based skills

• New high streets – with energy centres (offering advice)



• Heritage envelope

• Demountable Climate Protection

• Rewild the city

• Can you change without changing???
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• Heritage envelope

• Demountable Climate Protection

• New urban agriculture

• Rewild the city

• Can you change without changing???



Energy

• New urban agriculture

• Pumped storage

• Exergy cascade

• Heat loop

• Cellar storage heat

• Nested system



The city

Plan

Greening

new connections

Education / Schools



The waterfront



The waterfront



The waterfront
(New surface)



The waterfront



The waterfront



The waterfront



The waterfront



The waterfront

Running track 



The city

Plan

Greening

new connections

Education / Schools



The neighbourhood

Leesten 
(one of the pebbles)









City person

Hi I’m Annelies.  I live in the historic part.
It used to be a bit of a themepark –
completely disconnected from the rest 
of Zutphen, but the new grey 
infrastructure has changed all that.  
People from the whole city are coming 
into the centre now and its got a much 
more cosmopolitan feel.   

You really notice it at the weekend when 
the 5 and 10k jogging routes along the 
river and round the town are alive with 
people.  The safe e-routes for the kids 
are brilliant for getting around and my 
kids can visit their friends all over the 
city. 

We also have heritage photovoltaics on 
our apartment which means we get 
power for free.   History and the future 
mixed up is cool!



New neighbourhood

Farmer

Hi, I’m Omar and I’m one of the new 
farmers in the city.   I live in the burbs 
and I was always wondering why we 
never did anything with all the green 
space around the town except mow 
it!!

Now we have two sorts of green –
greenhouses and wilderness!  The 
combination of these is brilliant.   I 
get to work on local food production, 
and it’s great to see all the wildlife 
coming back into the city…



Hi, I’m Ric,  I’m 15 and still at School. I 
live in Leesten.  We used to not feel 
part of the city at all, but the recent 
changes have made the whole place 
feel different.   We now have a 
shopping centre that stays open into 
the evening so we can hang out, and 
the free electric scooters and the safe 
route to the city mean that my mum let 
me go into the centre in the evening.  
Its great, even in winter, we can play 5-
a-side by the river as the pitches are 
heated by the energy store.   
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Let’s start!



01
People behaviour
Energy saving in buildings
70% deployment; 
-10% EL; -10% heat
EL: -10 GWh houses, - 17 GWh offices
Heat: -3 GWh



02
People behaviour
Energy saving in mobility
30% deployment; 
-50% car use



03
People behaviour

Waste production
50% deployment; 
30% more efficient recycling and 
circular economy initiatives



04
People behaviour

Balanced diet
80% deployment; 
From plus meat to balanced



05
People behaviour/policy

Local food
100% deployment; 
50% Local Food



06
Technology/policy
Energy saving in buildings
-25% heat;
-50 GWh houses;  -10 GWh other



07
Technology/policy
Industrial processes
-20 GWh houses



08
Infrastructures/policy
Biogas from sewage
- 25 GWh in companies
Avoided emissions from sewage plant



09
DHN
HT grid + waste heat
- 70 GWh heat



10
DHN & transition to electric
LT DHN + Solar Thermal
- 120 GWh heat; + 30 GWh EL



11
RES

PV on roofs
- 80 GWh



12
Infrastructures

El. vehicles sharing
+24 GWh



13
Transition to electric

Electric vehicles
+35 GWh



14
RES

Hydro
- 60 GWh



15
RES

Wind mills & 
PV roads
- 120 GWh



16
RES

Hydrogen 
From surplus RES energy

H2



17
National policy 2050

Production chains
Electric delivery



18
Carbon uptake

Forestry
25 km2

Area 43 km2









Citizens,
let’s go 
to zero!



Thank you!


