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INTRODUCTION

A large variety of technical innovations regarding the
energy design and the control systems are to be
Implemented in the retrofitting, conversion or new
erection of the buildings involved in the Eco-Building
Projects.

Especially innovative is the integrated approach and
combination of energy efficient technologies with
comprehensive interventions on the building itself on the
basis of scientific research and simulations.

The performance of Innovative technologies has to be
assessed in a comprehensive and organised way, thus a
common evaluation protocol has to be used.
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CONTENTS

Such an Evaluation Protocol has been prepared by
the DEMOHOUSE Project and is used by the
partners in the program.

The Protocol involves three main subtasks

-The Energy Evaluation Part

-The Environmental Evaluation Part

-The Socio — Economic Part
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ENERGY EVALUATION

The energy designs of the buildings addressed in these projects
Incorporate various upgrading measures, most of which will be
Integrated in the majority of the buildings and are also highly
replicable in similar buildings in Europe, thus improving the
following:

. Microclimate - through the appropriate use of shading,
plantation, water surfaces etc. in order to decrease the temperature
of the area surrounding the building and thus reduce each building’s
cooling requirements.

¢ Building’s Envelope - by improving insulation, glazing,
optimising natural ventilation and daylighting techniques through
appropriate design and using advanced materials and components
In its construction, in order to reduce the thermal losses of the
building.
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ENERGY EVALUATION

. Energy Systems - used for heating (i.e. heat recovery),
cooling (i.e. use of ceiling fans, night ventilation, exposed mass
strategies), ventilation (i.e. demand control ventilation) and artificial
lighting (i.e. improved luminaires and lighting devices, use of task
lighting, daylight compensation) purposes, in order to improve the
efficiency of the incorporated systems and decrease the specific
energy requirements in each sector.

. Control Strategies including use of BEMS, distribution /
demand control strategies, intelligent control etc. in order to
optimize the performance of the various installed innovative
systems and adjust properly their operation according to the
building requirements.
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THERMAL AND ENERGY SIMULATIONS

I. Introduction

A large variety of technical innovations regarding the energy design and the con-
trol systems are to be implemented in the retrofitting, conversion or new erection
of the buildings involved in this project. Especially innovative is the integrated ap-
proach and combinalion of energy efficient technologies with comprehensive in-
terventions on the building itself on the basis of scientific research and simula-
tians.

The energy designs of the buildings addressed in this project incorporate various

upgrading measures, most of which will be integrated in the majority of the build-
ngs and are also highly replicable in similar buildings in Europe, thus impraving
the following:

Microclimate - through the appropriate use of shading, plantation, water
surfaces etc. in oroer to decrease the temperature of the area surrounding the
building and thus reduce each building's cooling requirements.

Building's Envelope - by improving insulation, glazing, optimising natural
ventilation and daylighting technigues through appropriate design and using ad-
vanced materials and components in its construction, in order to reduce the ther-
mal losses of the building

Energy Systems - used for heating (1.e. heat recovery), cooling (i.e. use of
ceiling fans, night ventilation, exposed mass strategies), ventilation {i.e. demand
control ventilation) and artificial lighting (i.e. improved luminaires and lighting de-
vices, use of task lighting, daylight compensation) purposes, in order o improve
the efficiency of the incorporated systems and decrease the specific energy re-
quirements in each sector.

Control Strategies including use of BEMS, distribution / demand control
strategies, intelligent control etc. in order to optimize the performance of the vari-
ous installed innovative systems and adjust properly their operation according to
the building requirements

For the reduction of energy requirements of the buildings and the improvement of
ndoor comfort, a commaon evaluation - simulation methodology is required in or-
der to efficiently integrate energy saving and control strategies in each building's
design. By daing so, the homogeneity of the calculation methods / results that will
be used 1o evaluate and predict the impact of the interventions on each building's
performance will be secured, while it will be possible to make comparisons on the
efficiency of specific measures under various design approaches and environ-
mental conditions, as this will be monitored through the appropriate mechanisms
and protocol.

ENERGY EVALUATION

The evaluation of the scenarios for
each building, is done by using exact
simulation techniques. Energy
calculations - simulations have two
main objectives:

.. To carry out sensitivity studies
to assist designers to investigate the
impact and performance of a
parameter, component, system or a
combination of them, in a building and
adapt its/their design accordingly

. To calculate the specific and
global energy and environmental
efficiency and performance of the
final design of a building, in order to
compare with initial targets, existing
consumption data and classify it
according to a rating scheme.




ENERGY CALCULATIONS

The simulation / evaluation tasks aims to optimize the
design by calculating the specific and overall
performance of a building considering all the major
subsystems and in particular:

The outdoor environment defining the microclimate
The building envelope

The indoor environment

. The active systems and mainly the HVAC system as
well as the lighting and

5. The control - management system.

N

The evaluation methodology permits to homogenize the
specific as well as the global energy consumption of
buildings, and then compare them with a common
reference traditional building.
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ENERGY EVALUATION

The reporting format of the evaluation protocol for each
building contains two sections. In the first section, all the
technical details concerning the measures package /
scenario improvements are presented in accordance with
the matrix of incorporated features and aspects. In
particular :

Microclimate, Building Envelope, Energy Systems, Space
Heating, Space Cooling, Ventilation, Artificial Lighting,
Control Systems, and other Measures.

In the second section scenarios and packages are
reported in a more comprehensive level with for example
energy results on monthly basis, accumulated frequency
curves for indoor temperatures and economic figures to
assess the viability of the investment.
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THERMAL AND ENERGY SIMULATIONS

NAME OF PROJECT :

Location:
Contact person:

Proposed measures: Yis Mo

1. MICROCLIMATE
1.1 Improved Microclimate:
1.2 Ofher (specify):

2. BUILDMNG ENVELOPE

21 Improved Insulation:

22 Windows | Skylights:

23 Reduced Infiltration:

24 Use of Passive Solar Healing:

25  Optimised Daylighting Components:
26  Shading Devices:

27 Other [spesify):

3. EMNERGY SYSTEMS

31 SPACE HEATING

311 Use of Heat Recovery Systems:
3.1.2 Use of Sclar Collectors:

313 Other

32 SPACE COOLING
3.2.1 Use af Night Venfilation:
3.2.2 Usze of Celling Fans,
3.2.3 Use of Exposed Mass:
3.2.4 Other (specify):

ENERGY EVALUATION

In particular:

. Part A, is
concerned with basic data
valid for the examined
measures package /
scenario for each building.
For example data on the
existing / new building, on
simulation tools and
models, data on the
requirements influencing
the energy consumption
and the indoor comfort
levels, etc. These data
have to be reported once
per building study.




ENERGY EVALUATION

THERMAL AND ENERGY SIMULATIONS

Proposed measures: Yas Nev

3.4  ARTIFICIAL LIGHTING

341 Improved Effiicency Luminaires: Part A, InCIUdeS

3.4.2 Use of Task Lighting:

142 Paor memenone: Information on :

3.4.4 Use of Efficient HF Ballasts & Lamps:
345 Other (specify):

4. CONTROL SYSTEMS -.MleOCIlmate

4.1  Use of Improved Controle / BEME:

42 Distribulion Demand Confral: = Bu i Iding Envelope

43 Intelligent Lighting Contral:

1+ Obermt - Energy Systems

T - Space Cooling

20ty e - Artificial Lighting
- Control Systems

- Other

demohousc
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ENERGY EVALUATION

. THERMAL AND ENERGY SIMULATIONS . . THERMAL AND ENERGY SIMULATIONS
BUILDING ENVELOPE BUILDING VENTILATION
Shading Devices:
1 8 Demand Controlled Ventilation:
Type Units Orientalicn Dimengicns Shading %of window  Materiale
factor areashaded  used Present  Proposed  Volume %oftotal  Present Proposed
Fined, ACH  ACH m®  build volume cimipereon cimiperson
Ovechang Zone 1
Side fins Zone 2
Baffles Zene 3
Louvers
Brise-soleil
L Other Devices:
O Mewable:
Aurings U Units  Operafing  Air changes Fan power  Purpose
Jalousies
m m schedule ACH KW
Venetizn
3 Exiract fans
Curtains
3 Internal vents
Cther
O mCts
C Drawings/details: Others {specly)
Qther (specify): :
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ENERGY EVALUATION

. . ‘ THERMAL AND ENERGY SIMULATIONS
Scenario Evaluation Results: Fercentage contribution Cagital cost 1
e i el Part B, is a summary of

26 N the calculated energy

1. MICROCLIMATE

1.1 Improved Microcimate: reSU|tS (kWh/ m2) - key

1.2 Other (specify):

——— figures concerning the

2.1 Improved Insulation:

22 Wodows! St whole building. In

23 Reduced Infiltration:

- particular the specific

2.5 Optimised Daylighting Components:

energy needs for

2.7 Other {specify):

R heating, cooling, lighting,

31 SPACE HEATING

TR —— ventilation, humidification

3.1.2 Use of Solar Collectors:

and dehumidification,

32 SPACE COOLING

3.2.1 Use of Night Wentilation: have to re ported On a

3.2 2 Useof Ceiling Fans:

SR p— monthly basis for all the

3.2.4 Other (specify):

3 veNmLAON zones of the building.

3.3.1  Natural Ventilation:
3.3.2 Demand Control Wendilafion:

dcmohouse

3.3.3 Ciher Devices:
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ENERGY EVALUATION

THERMAL AND ENERGY SIMULATIONS

PART B: DOCUMENTATION OF SCENARIC /| MEASURES Thermal CO me rt resu |tS

e R like maximum and

et ot minimum temperatures

F are reported. Each study

________________________________________________________________________________________________________ puiding is evaluated
under operational control

o The energy consumphion for space heabing ... Cond Itlons .

o The energy consumplion for domestic hotwater ..

Considenng the exsting / new building which elements will be influenced by the mesas-
ures in this scenaric / package:

o The energy consumplion for mechanical ventilation ...

o The energy consumplion for mechanical coaling ...

o T ey consmpton o deifcsion Visual comfort and

o The energy consumption for artificial lighting . ...

T indoor quality simulation
S results are also

o The thermal environment ... ...

oThesraually repor’[ed.

© The visual 8MVIFDIIMIENT ... .. oo et e e e e s e s s s e

demohouse
2
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ENERGY EVALUATION

. THERMAL AND ENERGY SIMULATIONS . . THERMAL AND ENERGY SIMULATIONS

Results concerning Indoar Comiort.
Mandatory Eneray results and analysis during intended
Themal eomfort:

operation, Comfon results duing intended cperationy
3 8 Energy results and analysis: 43

Zone 1 Zone 2 Zone 3
Dwelling1  Dweling2  Dwslling 3
Average Maximum tem-
Zone | Zone 2 Zone3 | Whole building perature during summes % % %
| period ['C]
Q (heating) 285 24 .7 2647 verage Miimum -
perature during winter e o0 20

Q {hot water) period ['C]
Q coofing) 24 1014 Mean temparature [°C] 2%

o s during  cooling peniod . 2%
Q (del N NiA " "
hurnidification} - - . . .
Q fvenfilation) | na-natural | MAcratural | N8-natural]  NiA-natural during healing period
Q(lighting) 31025 gz | 20z 31025 PR

thermal comort ful ves vES ves
filed during intended
Q (equipment) | -, &2 62 62 fon 7
Table & Temperature pattern in the different building zones during intended cperafion.
(thermal to-

&] {heating) ne # il L (if more than ree zones are  simulated please extend the table).
Q (electric total) 452 406 E343 47.36 Visual comfort:

cooling High QUIpTE|
Tarie 2. Simuiaied annuai grozs energy demand divided in zanes [kKWhimafyear] (if
more than three zones please extend the table).

Analysis of resuls if such exigt .. EXCELLENT |

Analysis of resulls if such exist EXCELLENT

CICI‘HO!"!OUSC
demohousc
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ENERGY EVALUATION

O .‘
44

demohouse

THERMAL AND ENERGY SIMULATIONS

ECONOMIC ANALYSIS OF THE MEASURES
Economic results for scenario or package:

Capital costs of measures in presentvalue @ . ... ...
[EurosUim?) excluding those which are net directly related to improvements of enengy
performance or indoor climabe: ...

Energy prices:
Thermal energy [EuncabWh] . e
Electrical energy [EurasWh] ..o e

Table 7. Annual energy costs and their increase (+) or decrease (-) in present

Annual energy Increase (+] of | Energy Cost
decrease (-) in
costs (including (g Savings [36]

Space heatng
it waler sorvices

Mechanical zooling
R del
i

Mechanical venlila-

fion
Atiical lighting
Equpmant

Ohar [spacify)
Al buiding ser-
icas

walue for different auwiliary energy services [Eurosim?iear].

C2. Simple Pay-Back Peried. (see appendin A), [year] . ..o
03 Analysis of addiional results: Describe (if any) ...

Part C, includes the
results of simple
financial analysis.
Economic values for
each specific energy
cost are given, as well
as saved energy costs,
saved running costs,
capital costs and
subsequently simple
pay back period
estimations.




ENERGY EVALUATION

. . THERMAL AND ENERGY SIMULATIONS

Energy signature E n e rgy S I g n atu re

Heating or Coaling enengy use is correlated fo dimatic data over a suitable period. Plot-
46 ting far several lime pericds the average heating ar cooling power versus sverage exber-

nal temperature allows a fast detection of malfunctions and provides useful information h H

on the building energy performance. This monitaring method assumes constant intemal eC n Iq ues are use O
temperature, and that external temperature iz the most influential parameter. It ie weeful

in buildings with stable intemal gains and relatively low passive sclar gains.

Energy use for heating and cooling, a5 well 33 average extemnal temperature or acsumu- Ca.l C U | a.te th e dyn am I CS

lated temperature difference is reconded af regular intervals. These intervals can be as
small 22 ane hour , but for manual monitoring, a week is often uzed. The average exter-

T oy v ™ of each building and its
relative performance

against the local

climate.

Both energy signatures

for summer and winter

> are calculated.

L1} The auersge power is plotted versus the average extemnal temperature or degres-days.
W Fer the heafing seascn, a diagram as shown in the above figure — is oblained. Lines
= are drawn through the dots measured during the healing seasan (heating on, cooling
off), the: cooling season [cocling on, heating off) and intermediate season (both off) us-

O ing a linear regression (see Figure )

—
<
=
U
»,
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ENERGY EVALUATION
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ENVIRONMENTAL ISSUES

The common evaluation protocol includes aspects
related to the sustainability of buildings. The specific
aspects considered by the method includes

- Water, seawater and rainwater

- Materials and constructions

- Waste

- Energy, and

- Building and urban development area. Methods
for sustainable development and sustainable urban
management.
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Green Build questionnaire, including suggestion for
“energy and environmental points” [ ]

A) Water, rainwater and sewage

PHASE PHASE
1 2

1. Water saving toilets with differentiated flush is
installed {3/6 litre) [1]

2. Rain water collection for garden irrigation is installed
]

3. Water saving taps are installed: Toilet-sink max. 6
Ifmin., kitchen-sink max. 12 I/min. and shower max.
12 fmin [1]

4. A main water metering device is installed at each
main plot of land (for use in main green accounting)
Ml

5. Measures that minimise amount of rain water
collected by the sewage system are carried out
(permeable pavements, rain water ponds etc.) [1]

6. Rain water collection for use in washing machines is
installed [2]

7. Rain water collection for use in toilet flushing is
installed [3]

8. Washing- and dishwashing machines with minimised
water consumption are installed [1]

9. Thermostat-mixing tabs of a type which can be
serviced without the installation is opened is installed
Ml

10. "Grey” wastewater is utilised " [4]

O

11. Individual water meters installed [1]

O O0O0OD0DO0O O O 0ooR
OO0 O0000 O O 00

Building owner's suggestions for other measures within * Water, rainwater
and sewage™:

ENVIRONMENTAL ISSUES

A full questionnaire has
been prepared for all
the participants. The
,Green Build*
questionnaire is based
on the Danish
developed Green Build
Tool, which works as an
,energy and
environmental point
system®. It has for
example been used in
the EU ,Energie®
supported project,
,Green Solar Regions*.
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B) Indoor air climate

1. &ir tightness of the building is measured to be less
than 0.1 per hour [2]

2. Noise from installations is kept below 25 dB. [3]

3. Daylight optimisation * is performed and documented
2]

4. Passive solar energy design is applied. How the
problems with overheating are coped with so the

indoor temperature is not exceeding 26°C. Is
documented [2]

5. In-door matenials with in-door climate certification is
applied, if such is available for the material type in
question [1]

6. There is a minimum air exchange rate of 30 m*h per
person. The mechanical air exchange rate is at least
0.4/h and it is possible to have 0.6/h extra air
exchange rate by manual opening of windows [2]

7. Balanced ventilation, exhaust and inlet air [2]
8. Moisture controlled ventilation [1]

9. Individually controlled ventilation [1]

Building owner's suggestions for other measures within ™ Indoor air

climate":

PHASE PHASE

1

[

K
B
X

K

X
[
2

2

[

[
[
[

I

ENVIRONMENTAL ISSUES

The answering of the
questionnaire is divided into
two phases. One phase for
what is the intention to do and
another phase is telling what
IS the aim to do just before the
building project starts when
the final economy is known.

Phase 1 is thus what the
building owner intends to do
with his building from the
beginning.
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D) Waste

1. Space for composting container is included in the
garden plot [1]

2. Appropriate cantainers for fractionated waste
disposal is built in both in kitchen and in the out door
disposal place [1]

3. Green accounting is applied on the household waste
(1]

4. The waste from the construction phase is sorted in
as many fractions as the municipality can find an
outlet for [1]

5. At each main plot of land space is reserved for
"waste-islands’ where the waste can be disposed off
in fractions as paper, cardboard, metal, electronic
waste etc [1]

6. Life cycle assessment of materials [1]

7. Documentation and maintenance guide concerning
materials [2]

PHASE PHASE

1

[
[

O O

2

L
L

O O

ENVIRONMENTAL ISSUES

Phase 2 is about what the
builder intents to do just
before the building project
starts, when the economy
IS known.

Can e.g. be delivered to
the municipality in
connection to the
application for a building
permit.




SOCIOECONOMIC ASPECTS

Socio economic aspects play an important role in the overall feasibility of
large residential renovation projects. Especially in renovation projects
that aim at a sustainable renovation, it is even more important to address
socio economic factors from an early stage in the project. If these factors
would be ignored, it is very likely that during several phases of the project
problems related to inhabitants and finances will be encountered that
could threaten the continuation of the whole project.

Two important factors determine the socio economical feasibility of the
project: the possibility to cover the ‘extra’ investments necessary for the
sustainable measures and the cooperation of the inhabitants. In (social)
rental housing, these extra investments are usually covered through a
rent increase. Nevertheless, in most cases the tenants have to agree on
this additional rent increase. If the tenants do not agree, the landlord is
not able to cover investments through the rent and consequently the
sustainable dimension of the project is likely to be abolished.
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Djj:m SOCIOECONOMIC ASPECTS

iiill»-: [ A set of indica_tors has been developgd to evaluate the
ik socio-economic aspects. With these indicators, the

changes in the pilot projects resulting from

Implementation of the solutions will be measured.

The indicators are addressed to the tenants of the pilot

projects, the pilot projects and to the participating

landlords.

Based on these socio-economic indicators, a set of

questionnaires is developed to assess the necessary data

before the demonstration in the pilots:

1.A) Tenant questionnaire preceding demonstration
2.B) Landlord guestionnaire preceding demonstration
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Landlord-1 questionnaire - the DEMOHOUSE pilot
project

0) General questions

Name of the landlord:

Country:

Your name:

Description of your job within the organisation:

Your telephone nr.:

Your email adres:

1) Proportion of tenures. The number of dwellings for each of the
following tenure-categories, before and after renovation:

before: after:

a) private rental

b) social rental (local authorities)

c) social rental (housing associations)

d) owner occupied

€) owner occupied with buy-back guarantee

f) other forms of tenure, e.g. shared ownership

2

o

Accessibility of the dwellings. The number of dwellings that are
accessible through:

a) ground floor level dwellings
b) stairs (only those dwellings that are not accessible by elevator) dwellings
c) elevator dwellings

Renovation costs in Euro/m2 |:| Euro/m?

4) Cost of renovation of the project in relation to cost of new %
construction (supposedly on the same site).

3

@ [

SOCIOECONOMIC ASPECTS

5) Total investment cost of the project
6) Marketing of the project costs per investment costs

7) (Project-)subsidies as percentage of investment costs in the
project

8) Market value of the dwellings before and after renovation,
Euro/m2.
a) market value BEFORE renovation

b) market value AFTER renovation

9) Maintenance costs before renovation, in Euro/year/building and
in Euro/year/dwelling.

a) maintenance costs in Euro/year/building

b) maintenance costs in Euro/year/dwelling

10) Legally necessary level of agreement in decision-making as % of
the tenants/inhabitants.

11) The total number of housing units before and after renovation.
a) before renovation
b) after renovation

12) Per dwelling type: number of housing units and corresponding
size, before and after renovation. Dwelling types:
a) Detached
before renovation:
after renovation:
b) Semi-Detached
before renovation:
after renovation:
¢) Row-rise multi-dwelling houses
before renovation:
after renovation:
d) High-rise multi-dwelling houses
before renovation:
after renovation:

13) Number of rooms before and after renovation, per dwelling type.
a) Detached
before renovation:
after renovation:
b) Semi-Detached
before renovation:
after renovation:
c) Row-rise multi-dwelling houses
before renovation:
after renovation:
d) High-rise multi-dwelling houses

I
I
Euro/m®
Euro/m’
Eurolyear/b
uilding
Eurol/year/d
welling
dwellings
dwellings
Number: Size (m2):
\ \ \
\ \
Number: Size (m2):
\ I
l I |
Number:

\ [ \
\ J |
Number: Size (m2):

\ [ \
\ N |
rooms
rooms
rooms
rooms
rooms
rooms
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MONITORING

A common monitoring protocol has been prepared and is
under discussion inside the group. The objective of the
monitoring protocol are :

e To investigate and assess real performance of
Implemented strategies and features

‘. To evaluate the specific performance of the five
subsystems, (microclimate, building cell, indoor, systems
and control).

* To assess the global environmental and energy
performance including energy conservation, thermal and
visual comfort and indoor air quality.

27 COMMON SYMPOSIUM OF EU FP 6 ECO BUILDING PROJECTS



CONCLUSIONS

A common evaluation protocol for the demonstration
buildings has been prepared by DEMOHOUSE. The
protocol involves

-An energy performance evaluation part
- A sustainability evaluation part, and
- A socioeconomic evaluation part

A common monitoring is also prepared and is under
evaluation.

The common evaluation protocol is available to any
wishing to use it.
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INTRODUCTION




