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STEP BY STEP TO 
ZERO ENERGY
AND BEYOND

Zero Energy is the future of the built environment.

•	 Why do we need Zero Energy Buildings?
•	 When is a building energy neutral?
•	 How are ZEBs planned, built and evaluated?
•	 When are they profitable and how do we make them attractive to the market?
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RISKS OF GHG 
EMISSIONS-RELATED 
GLOBAL WARMING

Extreme weather events and 
rising sea level

Air pollutionLoss of wildlife
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directly, or buy green certificates. Since 2002, the green certifi-
cates can be used to buy electricity produced from renewables 
abroad. However, the new law on renewables specifies that in 
order to qualify for government aid, the “green” electricity must 
be produced in the Netherlands.

2.2. Power generation trends by source: thermal sources 
dominate power generation
Thermal sources represent 85 percent of power generation. 
The share of natural gas in electricity production is growing 
rapidly and in 2009 represented about 60 percent of the overall 
production (50 percent in 1990). The share of coal-fired elec-
tricity production decreased from 40 percent in 1990 to 25 
percent in 2009. As a result, CO2-free sources play a marginal 
role in electricity generation and in 2009 made up just 15 
percent of total generation (6 percent for biomass, 5 percent 
for nuclear and 4 percent for wind energy).

2.3. Efficiency of the power sector: sharp drop in the CO2 
emission factor
The efficiency of the power sector has increased significantly 
since 2002 and stood at 45 percent in 2009. That trend is 
mainly driven by the development of gas-combined cycle 
facilities.   

1.3. Energy efficiency and CO2 trends: large fall in CO2 
intensity thanks to fuel substitutions 
Total energy consumption per unit of GDP (primary energy 
intensity), measured at purchasing power parity, is only slightly 
higher than the EU average (by 8 percent). 

Primary energy intensity decreased at a slower pace than in the 
EU as a whole: 1.2 percent/year compared with 1.7 percent/
year for the EU between 1990 and 2009. Final energy con-
sumption per unit of GDP (final intensity) decreased at a faster 
pace than primary energy intensity. That trend, which was even 
more noticeable between 2000 and 2009, reflects increased 
losses in energy conversion.

CO2 emissions per unit of GDP (CO2 intensity) decreased faster 
than total energy intensity over the period 1990-2009 due to 
substitutions of coal by biomass in the primary energy mix. 
Fuel substitutions explain about 30 percent of the CO2 intensity 
reduction between 1990 and 2009.

 

2. Power generation
2.1. Policies: bonus payment and quotas for electricity 
generated from renewables 
In the framework of its Clean and Efficient Program, the coun-
try set the target of achieving 20 percent of renewables in 
primary energy consumption by 2020. Moreover, the Nether-
lands aims to double its wind power production capacity, 
setting targets of 4,000 MW for 2011 and 6,000 MW for 2020.
The development of renewables in power generation is encour-
aged through a bonus payment system called Sustainable 
Energy Incentive Scheme (SDE). The producers of electricity 
from renewables are also exempted from the environmental tax 
levied on electricity consumption (Ecotax). Electricity distribu-
tion companies have to distribute an amount of “green” elec-
tricity. Distributors either have to produce the green electricity 
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Figure 5: Power generation by source
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BUILT EXAMPLES

NREL Headquarters, 2010. 
Colorado

Apartment blocks, 2003. 
United Kingdom

WWF Headquarters, 2006. 
The Netherlands

In Europe, all new buildings will have to be Energy 
Neutral by 2020.

All public buildings by 2018.
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ESSENTIAL CONCEPTS

energy used = energy produced

built environment

single 
building

user 
behavior

weather 
patterns

energy 
sources loads

If a building cannot achieve zero energy, it may be possible to 
achieve it on a community scale. The global water cycle works this 

way. A closed loop system may appear as linear in/out when 
examined on a small scale.

top down
whole buiilding certifications

bottom up
submetered data

end 
use

sideways
base case 
VS options

Coefficient Of Performance
ratio of energy out to energy in

Energy Use Intensity [kWh/m²]
total annual building energy use by gross building area, 
indicator of buildings performance, comparison tool for 

projects with similar use in the same climate area
108 for the NL, 100 for EU average (Enerdata, 2011)

Site Energy [kWh]
total energy used, from all energy sources, as 
measured on site (electricity meter or utility bill)

Source Energy [kWh]
total energy used, from all energy sources, as measured 

at the power plant (includes transport losses)
site energy x source energy factor

1.04 for T&D electricity in the NL (Enerdata, 2011)

renewable
water
geothermal
biomass
wind
solar

non renewable
oil

natural gas
coal

nuclear (uranium)

Net Zero Energy Building

Benchmark strategies

GHG

W = W

WW}

Set peer building benchmark

1. Avoid energy demand

2. Reuse waste �ows

3. Generate renewable energy

Set peer building benchmark

1. Avoid energy demand

2. Reuse waste �ows

3. Generate renewable energy

New Steps Strategy

ZEB definition
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CASE-STUDY SCHIPHOL 
AIRPORT AMS

1

2

3

4

5

6

Runways

Name Location Length Width

1  Polder Runway 18R - 36L 3,800 metres 60 metres

2  Zwanenburg Runway 18C - 36C 3,300 metres 45 metres

3  Kaag Runway 06 - 24 3,500 metres 45 metres

4  Aalsmeer Runway 18L - 36R 3,400 metres 45 metres

5  Buitenveldert Runway 09 - 27 3,453 metres 45 metres

6  Schiphol East Runway 04 - 22 2,014 metres 45 metres

Master Plan: prepared for the future

36Annual Report 2012

Better Airport Regions reseach project

“[...] enhanced reciprocity between the airport and its surrounding metropolitan 
region can facilitate a transformation path towards more sustainable, better 
airport regions.”

“ The project starts from a joint perspective on essential flows (energy, water, 
materials, food and mobility), urban development and spatial quality [...]”

Also, as yet there is no existing ZEB airport terminal.
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REDESIGNING THE 
“PIER A” EXPANSION

new satellite ZEB terminal VS planned expansion (2014)

•	 less	aircraft	fuel
•	 more	efficient	timing
•	 future-proof

•	 even	longer	way	to	
Polderbaan

•	 is	it	really	the	best	
strategy?
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PROFITABILITY An aircraft driving on the ground emits 46x more CO2 than during take off.
The average time needed to drive to and from the Polderbaan is 40 minutes. 

Considering the price of fuel and of energy, when would a new terminal that solves these issues pay back for the investment?

( €/m2
Pier A  + €/kWh per year + €/literkerosene per year + €/CO2 per tonne per year ) - ( €/m2

ZEB  - €/kWh per year )

= 13.5 projected payback years
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LOCATION AND 
CONNECTION

5 min.
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METHODOLOGY

1. PEER BUILDING

2. SHAPE AND ORIENTATION -6%
3. THERMAL INSULATION -12%
4. INSULATED GLAZING -12%

5. AVOID OVERHEATING -5%
6. SUNSHADE -3%

7. NATURAL VENTILATION -12%
8. HEAT RECOVERY -16%

9. LIGHTING CONCEPT -12%
10. OCCUPANCY/DAYLIGHT -12%
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EXPLORATION

2 Locate adjacent buildings, conventional energy sources, utilities.

 Do adjacent bodies of water impact the site’s microclimate?
 Do adjacent bodies impact wind movement?

1 Use weather data file (.epw) to plot charts of:

Netherland: Koeppen Geiger classification Cfb, cool marine.
Recommended: solar shading, natural ventilation, solar heating.

take advantage of 
free energy  from 

climate &site

passively mitigate 
thermal loads

Climate = free energy! Weather = predominand conditions of a place 
averaged over a long period of time 

CREATE A SITE INVENTARY

 - boundaries
 - topography, geology
 - sorroundings, geography
 - climate data set
  

seasonal 
summary 
diagrams

temperature
humidity

wind
ground temperature

solar radiation
solar geometry

sky cover
illumination

{
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WEATHER DATA

Direct, diffuse and global radiation Sky cover

Ground temperatures
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Stereographic Diagram
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PSYCHROMETRIC 
CHART

SUPERINSULATED ENVELOPE

 - transmissions
 - solar radiation
 - internal heat gain

Avoid energy demandDESIGN

1 Building envelope: keep it simple, direct, use technology selectively, cost e�ective integrated solutions
     too many layers/technologies = overly complex, di�cult to build, prone to problems, di�cult to maintain

2 Start thinking about balancing out �ows - maybe switch o� heating when plug loads are at peak?
 Balance point: outside air temperature at which the building does not need heating nor cooling

 climate / building program / massing / envelope design   can be tuned to meet a wider range

transmission + solar radiation + in�ltration + ventilation + internal heat gain = peak load for heat gain or heat loss [kWh/m2]

thermal resistance R-value = 1/[W/m2K°]
transmittance U-value = 1/R = [kWh/m2K°]

Q = U-value x Area x Temp. di�erence 
[kWh/m2]

superinsulate
thermal mass
earth coupling

occupants + lighting + equipment

internal thermal loads  skin thermal loads

lighting power density

ventilation

plug load density

in�ltration

conduction

radiation
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SHAPE EXPLORATION

PRESETS: ca. 24000 m3, 80% shaded glazing

total 
MJ/sm/yr

ranking ranking total 
MJ/sm/yr

807

closed north facade
2 to 3-panes glazing
1m lower upper level

8005

8449

85010

7602

85811

742 - little space for gates

- di�cult to expand

- boring - selected peer

- panoramic view on the whole of Schipol
- enclosed atrium used as indoor garden 
  has climatic and non-climatic advantages

1

7743

8178

8087

6 86112

7974

144 245 762
131 162 635
129 148 611
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THERMAL ZONING

N

COLDER SIDE

LOWER THERMAL 

REQUIREMENTS

HIGHER THERMAL

REQUIREMENTS

storage

equipment

restrooms

circulation

catering
retail

waiting

WARMER SIDE

LOW ACTIVITY

LOW OCCUPANCY

HIGH ACTIVITY

NORMAL OCCUPANCY

LOW ACTIVITY

HIGH OCCUPANCY
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01. PEER BUILDING 
BASELINE
to 02. SHAPE AND 
ORIENTATION

kWh/sm/yr

234 to 220

reduction from previous tot.consumption

-6%

reduction from baseline

-6%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous heating  and cooling load

-18%
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03. THERMAL INSULATION kWh/sm/yr
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Außenwand, U=0,204 W/m²K (erstellt am 31.3.2014 19:10)
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Wenig Tauwasser
(Feuchteschutz)

TA-Dämpfung: 31.3
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25 g/m² (0.3%) Trocknet 5 Tage

Temperaturamplitudendämpfung: 31.3
Phasenverschiebung: 15.5h

Raumluft: 20°C / 50%
Außenluft: -10°C / 80%

Tauwasser: 0.03 kg/m²
sd-Wert: 4.7 m

Gewicht: 59 kg/m²
Dicke: 28.7 cm
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Rechts: Maßstäbliche Zeichnung des Bauteils. Links: Verlauf von Temperatur und Taupunkt an der in der rechten Abbildung
markierten Stelle. Der Taupunkt kennzeichnet die Temperatur, bei der Wasserdampf kondensieren und Tauwasser entstehen
würde. Solange die Temperatur der Konstruktion an jeder Stelle über der Taupunkttemperatur liegt, entsteht kein Tauwasser.
Falls sich die beiden Kurven berühren, fällt an den Berührungspunkten Tauwasser aus.

Schichten (von innen nach außen)

Folgende Tabelle enthält die wichtigsten Daten aller Schichten der Konstruktion:

# Material λ R Temperatur [°C] Gewicht Tauwasser
[W/mK] [m²K/W] min max [kg/m²] [Gew%]

Wärmeübergangswiderstand 0,130 19,0 20,0
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16 cm Fichte (8 cm) 0,130 1,231 -8,7  8,1  7,9 0,0
Wärmeübergangswiderstand 0,130 -10,0 -8,4

5 4 cm Hinterlüftung (Außenluft) -10,0 -10,0  0,0
6 1,2 cm Fichte -10,0 -10,0  5,4

28,7 cm Gesamtes Bauteil 4,897 60,0

Seite 1/4*Vergleich mit dem Höchstwert gemäß EnEV 2009 für erstmaligen Einbau, Ersatz oder Erneuerung von Außenwänden
(Anlage 3, Tabelle 1, Zeile 1)..

Hier klicken, um das Bauteil auf www.u-wert.net zu bearbeiten.

u-wert.net Alle Angaben ohne Gewähr

Außenwand, U=0,204 W/m²K (erstellt am 31.3.2014 19:10)

U = 0,204 W/m²K
(Wärmedämmung)

Wenig Tauwasser
(Feuchteschutz)

TA-Dämpfung: 31.3
(Hitzeschutz)

0 0.5EnEV Bestand*: U<0,24 W/m²K 0 1Tauwasser (kg)
25 g/m² (0.3%) Trocknet 5 Tage

Temperaturamplitudendämpfung: 31.3
Phasenverschiebung: 15.5h

Raumluft: 20°C / 50%
Außenluft: -10°C / 80%

Tauwasser: 0.03 kg/m²
sd-Wert: 4.7 m

Gewicht: 59 kg/m²
Dicke: 28.7 cm

Temperaturverlauf / Tauwasserzone

65080

Temperaturverlauf

1 Gipskartonplatte (12,5 mm)
2 Weichfaserplatte / Installationsebene (5

3 AGEPAN OSB/3 PUR (12,5 mm)
4 Gutex Thermowall (160 mm)

5 Hinterlüftung (40 mm)
6 Fichte (12 mm)

Temperatur
Taupunkt
Tauwasser

1 2 3 4 5 6

-10

-5

0

5

10

15

20

0 50 100 150 200 250 300
[mm]

Te
m

pe
ra

tu
r [

°C
]

AußenInnen www.u-wert.net

Rechts: Maßstäbliche Zeichnung des Bauteils. Links: Verlauf von Temperatur und Taupunkt an der in der rechten Abbildung
markierten Stelle. Der Taupunkt kennzeichnet die Temperatur, bei der Wasserdampf kondensieren und Tauwasser entstehen
würde. Solange die Temperatur der Konstruktion an jeder Stelle über der Taupunkttemperatur liegt, entsteht kein Tauwasser.
Falls sich die beiden Kurven berühren, fällt an den Berührungspunkten Tauwasser aus.

Schichten (von innen nach außen)

Folgende Tabelle enthält die wichtigsten Daten aller Schichten der Konstruktion:

# Material λ R Temperatur [°C] Gewicht Tauwasser
[W/mK] [m²K/W] min max [kg/m²] [Gew%]
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16 cm Fichte (8 cm) 0,130 1,231 -8,7  8,1  7,9 0,0
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reduction from previous tot.consumption

-12%

reduction from baseline

-18%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous heating load

-25%
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04. IMPROVED GLAZING kWh/sm/yr

169

reduction from previous tot.consumption

-12%

reduction from baseline

-28%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous heating load

-30%

double-leaf facade U-value 0.35

triple glazing with outer pane

non-metal insulated frame
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05. AVOID OVERHEATING kWh/sm/yr

160

reduction from previous tot.consumption

-5%

reduction from baseline

-32%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous cooling load

-60%

Facade: overhang  return  inclination
Roof: not ventilated  green roof ventilated roof

23º25º30º

30º 25-30º36º
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06. SUNSHADE kWh/sm/yr

155

reduction from previous tot.consumption

-3%

reduction from baseline

-34%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous cooling load

-70%

Sunshade: external  internal   in-cavity
if none: g-value 0.8  0.35   0.15
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07. NATURAL VENTILATION kWh/sm/yr

137

reduction from baseline

-41%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

Temperate to hot days, summer nights

reduction from previous tot.consumption

-12%

reduction from previous ventilation load
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08. HEAT RECOVERY kWh/sm/yr

115

reduction from previous tot.consumption

-16%

reduction from baseline

-51%

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

reduction from previous heating load

-65%

Temperate to cold days
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09. LIGHTING CONCEPT kWh/sm/yr

101

reduction from previous tot.consumption

-12%
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reduction from previous lighting load

-40%
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10. OCCUPANCY AND 
DAYLIGHT SENSORS

thermal energy
heating

hot water
electricity

cooling and ventilation
lighting

misc. equipment

kWh/sm/yr

87

reduction from previous tot.consumption

-12%

reduction from baseline

-63%

reduction from previous lighting load

-65%

lamp efficiency  ambient / task  occupancy / daylight
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ON SITE ELECTRICITY 
GENERATION

adaptation  integration  addition

1. PEER BUILDING

2. SHAPE AND ORIENTATION -6%
3. THERMAL INSULATION -12%
4. INSULATED GLAZING -12%

5. AVOID OVERHEATING -5%
6. SUNSHADE -3%

7. NATURAL VENTILATION -12%
8. HEAT RECOVERY -16%

9. LIGHTING CONCEPT -12%
10. OCCUPANCY/DAYLIGHT -12%

PLUG-LOADS

234
kWh/sm

87
kWh/sm

thermal energy
heating 282 000 kWh

hot water 128 000 kWh

electricity 1 817 600 kWh
cooling and ventilation

lighting
misc. equipment
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THERMAL ENERGY 
GENERATION AND 
STORAGE

thermal energy
heating 282 000 kWh

hot water 128 000 kWh

electricity 1 817 600 kWh
cooling and ventilation

lighting
misc. equipment

1. PEER BUILDING

2. SHAPE AND ORIENTATION -6%
3. THERMAL INSULATION -12%
4. INSULATED GLAZING -12%

5. AVOID OVERHEATING -5%
6. SUNSHADE -3%

7. NATURAL VENTILATION -12%
8. HEAT RECOVERY -16%

9. LIGHTING CONCEPT -12%
10. OCCUPANCY/DAYLIGHT -12%

PLUG-LOADS

234
kWh/sm

87
kWh/sm
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OFF SITE COMBINED 
HEAT AND POWER

efficiency 90%
thermal energy 62%

electricity 28%

biomass
waters 

biogas
water
solid matter
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WATER CYCLE



0.0 MOTIVATION

1.0 DESIGN PREPARATION

1.1 Why Zero Energy Buildings

1.2 What does Zero Energy mean

1.3 Selected study case 

2.0 SITE

2.1 Location

2.2 Climatic aspects, influence and potential

3.0 ARCHITECTURE AND STRUCTURE

3.1 Shape, orientation and thermal zoning

3.2 Building structure

4.0 TECHNOLOGY

4.1 Passive systems and their efficiency

4.2 Active strategies overview and selection

5.0 PLANS AND DETAILS

6.0 CONCLUSION/REFLECTION

EAST ELEVATION
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6.0 •	 Energy efficiency is not a matter of technology but of planning.

•	 Stakeholders are not motivated enough to put energy efficiency as a priority, and knowledge 
of the topic is still fragmentary.

•	 Choices related to architecture and to energy efficiency can integrate each other perfectly, 
the level of creativity and originality that this  methodology creates is outstanding.
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