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Problem

 Energy management of a municipality is a very complex theme

« Impacts of changes can only be obtained with detailed
studies
« Therefore often an initial impulse is missing

« Wil to change to energy efficient structures cannot be based on

reliable indicators in an early planning stage
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Motivation

Why is an adviser needed?

— Easy access to different impacts on the energy demand in an early
planning stage
— Rough estimation on energy demand or potential energy savings

— Nevertheless replaces a detailed calculation, but could push the
decision to think about energy efficiency

— Estimation of potential energy savings and costs is often not
possible without tools

— Reduction of financial risks in innovative innovations
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Possible Solution
EnerKey Adviser?

* Prepare best practise concepts for different applications

(housing, traffic, demand side,...)
e Easy-to-use tool for estimation of potential and risk
« Collection of case studies and best practise examples

« Realisation of demonstration project (Gauteng?)

Fraunhofer Institute of Building Physics —
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How EnerKey Adviser and
Integrated Energy Planning System — EnerKey

Early planning
stage

EnerKey Adviser

For early planning stage
and
rough analysis of
various building

stocks and settlements

work together

exchange of data

Detailed analysis

A

building analysis

a

Integrated Energy

Planning System

For detailed design
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EnerKey Adviser
Parts of the Adviser

Residential
EnEffne
$ —

nerKey Adviser
(ECA 3)
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Universitat Stuttgart
Institut fur Energiewirtschaft und Rationelle Energieanwendung

Integrated Energy Planning System - EnerKey

IKARUS TOV IER

Buildings IBP

City of Stuttgart

Indicators Potential and Costs Analysis

Ulrich Fahl 16. Februar 2007 7
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EnerKey Adviser—
Information tool for energy demand of settlements

e Joint result of EnerKey
— Information tool for early stage
— Integrated Approach (Buildings, traffic, energy demand side,...)

— High level research in working groups summarised and prepared

for non Scientifics
 Target group
— Decision makers

— Technical committees of municipalities
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What are the results of the EnerKey Adviser?

 Rough estimation of energy demand under certain defaults and
simplifications

« Different parts (building sector, supply side, traffic,...) can be
considered with default values or more detailed (e.g. use of

Energy Concept Adviser for educational buildings)

« Parameterisation can be imported in the detailed calculation tool

Fraunhofer Institute of Building Physics onofer
Hans Erhorn/Simon Wossner Bauphysik



How does the EnerKey Adviser work?

« Starting with default values

 Depending on the focus of interest everything or only single

parts can be examined in a more detailed way

o Either default values can be used or detailed values (known or

calculated by toolset) can be applied
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How does the EnerKey Adviser work?

Area 2:

Area 1: Residential x%

: S
Residential x% Industrial y%

i 0]
Industrial y% Unused 2%

Unused z%

Area 3:
Residential x%
Industrial y%

Unused z%
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How does the EnerKey Adviser work?

Area 2:

Residential x%

: : Industrial y%
Residential
: Unused z%
Single storey x%

Multi storey y%

... 2%
Industrial
Not known
detailed
Fraunhofer Institute of Building Physics i
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How does the EnerKey Adviser work?
Example Residential Area

Residential Area

Single storey house Multi storey house
(Percentage) (Percentage)
Good standard | Poor standard Estimation by default value
(Percentage) (Percentage)
Demand
Demand Demand (Defauft Value)
(Default Value or (Default Value or
calculated with calculated with
EnEffnet) EnEffnet)
Average demand of Average demand of
single storey buildings multi storey buildings

Average demand of Residential Area

Fraunhofer Institute of Building Physics
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How does the EnerKey Adviser work?
Example Building Sector

Building Sector

Residential Area Industrial area
(area) (area)
Single storey | Multi storey | ... Estimation by default value
(Percentage) (Percentage)
Demand
Demand Demand (Default Value)
(Default Value or (Default Value
calculated with or calculated
EnEVnet) with EnEVnet)
Average demand of Average demand of
residential area industrial area

Average demand of building sector

Fraunhofer Institute of Building Physics
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How does the EnerKey Adviser work?
Example Settlement

Settlement
Building Sector Supply side
(total) (total)
Residential Industrial Estimation by default value
(area) (area)
Demand
Demand Demand (Default Value)
(Default Value or (Default Value
calculated with or calculated
toolset) with toolset)
Average demand of Average demand of
building sector supply side
Average demand of settlement
Fraunhofer Institute of Building Physics i
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EnerKey Adviser
Buildings sector

 EnerKey Adviser — set of tools for the buildings sector

— EnEffnet — Residential Buildings

— Energy Concept Adviser Versionl — Educational Buildings
* Implementation for South Africa has already started

— Energy Concept Adviser Version2 — Public Buildings
* Ready till 2010

Fraunhofer Institute of Building Physics
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EnerKey Adviser
EnEffnet
residential buildings

Residential buildings — Information tool

easy approach to energy demand of residential buildings

Gebiudetypen
Aufbauten

Gebdude

Anlage
Berechnungsergebnis
Varianten

Energetischer Vergleich
Ausgabe
Dateiverwaltung

Information und Haftung

Fraunhofer Institute of Building Physics
Hans Erhorn/Simon Wdssner
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EnerKey Adviser
EnEffnet
residential buildings

Gebiudetypen n
Gebiudetyp: Flachen in m?: Gebdudekennwerte:
|eine‘.“.fnhneinheitfreistehend j
Wiarmedbertragende
Autcawond 121,00 Hilifidche [ 408,0
' ' Pach 5, Verhaltnis A% [1/mi; 0,02
; Jrk% Kellerdecke 125,00 erhaltnis ANV [ml: -~ :
% il \K.‘i‘; & Nordfenster 5.00 heheiztes Yolumen [m: 1435
& ke  WTLTH Ost/West Fenster 11.00 Gehaudenutzidche [m: 141,9
FIEL TR 5p &% | o
A Likale JRIY L b F Sidfenster 11,00
AnzahlWohneinheiten: 1
Anlage nach DIk
. - 4701-10 Beihlatt 1: 49
4 Ansicht  (Bild 1 von &)
Fraunhofer Institute of Building Physics I
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EnerKey Adviser
EnEffnet
residential buildings

Aufbauten n

opake Bauteile anzeigen transparente Bauteile anzeigen | neues opakes Bauteil |

Das Bauteil Aukenwand hat eine Flache von & = 121,00 m?* und einen U-Wert van U = 0,18 Wim'K.

Das Bauteil gehdn zur Bauteilgruppe Aukenwand. Bauteil 2ndern

Authau: Kalksandstein 24,0 - PS Dammung 20,0 | Bauteil lGschen

Dias Bauteil Dach hat eine Flache von & = 135,00 m? und einen U-YWert von U= 0,18 Wim'K.

Das Bauteil gehdnt zur Bauteilaruppe Dach (Dachraum ausgebaut). Bauteil Sndern

Autbau: Ziegel - Steildach Untersparrendammung 6,0 =] Bauteil Iischen

Fraunhofer Institute of Building Physics Fraunhufe,..“ii

. . Institut
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Gebiude

Gesamte warmelber-
tragende Fl&che A [me]

“Yerhatnis FlAche zu
“olumen 2 5% 1)

Hachweis der Luftdichtheit;

408,0

0,92

EnerKey Adviser
EnEffnet

Mutztlache [m=):

heheiztes
Yolumen 5 [m=]:

wird durchgefuhrt

=~

residential buildings

141,01 Anzahl der Wiohneinheiten:

143,48 Werte andern

Ausfiihrung der Bauteilanschliisse

|gemé|3. DIM 4108 Beiblatt 2, Aufschlag 0.05 KWhim*a

-

Fraunhofer Institute of Building Physics
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Anlage n

Die Heizanlage wird betriehen mit: Die Warmwassererzeugung erfolgt
|Strnm:‘.“.férmepumpe j |zentra| mit der Heizungsanlage j

Es stehen folgende Heizanlagen gemak DIN 4701 Teil 10 Beiblatt 1 zur Yerfilguno:

|An|age 49: Fultbodenheizung; Warmepumpe WasserWasser, chne Zirkulation j
Ausgewahlt wurde Anlage 49 germalk Beiblatt 11 Beschreibung der Warmwasserbereitung:
Jede Wohneinheit hat eine eigene Heizanlage, gebaudezentrale Versorgung: ohne Zirkulation; Verteilung |
die sich in einem unheheizten Bereich hefindet. auierhalb der thermischen Hille; indirekt beheizter Speicher;
Anlagenaufwandszahl ep: 1,02 Aufstellung aufzerhalb der thermischen Hille;

Heizungswarmepumpe WasserWasser mit Strom betrieben;

51

Beschreibung der Heizanlage:

integrierte Heizflachen (z.B. Fulibodenheizung);
Einzelraumregelung mit fweipunktregler Schaltdifferenz Xp=2K;
35287 C-Auslegung; zentrales Systemn; horizontale Verteilung
auderhalb der thermischen Hille; Stranagleitungen innenliegend;
geregelte Pumpe; Pufferspeicher vorhanden; Aufstellung
aulterhalb derthermischen Hille; Elektrowarmepumpe

LR T L T T

L 1

Beschreibung der Liftungsanlage:

0l

e keine mechanische Liftungsanlage;

—
b
—
Fhiz-IBP
v
556
=l
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EnerKey Adviser
EnEffnet

residential buildings

Berechnungsergebnis a !l -
. L . . . . Zwischenergebnisse [KWhim*a]:

Zulassiger Primarenergiebedarf in Abhangigkeit von AN | |

150 | Heizwearmehedarf: Oh"= 58,56 |

- .-f"'f |Warmwasserwérmebedarf: Ow"= 12,50 |

| Enclenergie Warmeenergie: Owe,e"= 17,64 |

100 " — :

" | Endenergie Hilfzenergie: Ohe,e"= 6,52 |
Fils

726 | | Primérenergiebedarf: |
a0

| ermittet [Khirnal: Qp“= 72,48 |

4 |zuléssig [kt 2a]: ap",zul= 139,45 |
upll

sper. Transmissionswarmeverlust:

o1 02 03 04 05 0B 0OF 08 0O T0e 12 AN | be |

0,92 | ermittett [Kevhime]: Ht'= 0,29 |

bezogene Bilanz absolute Bilanz Energieflui |zuléssig [k imah]; Ht',zul= 0,46 |

] o _ i
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EnerKey Adviser
EnEffnet
residential buildings

Energetischer Vergleich ! -
o N . . _ . Ergebnisse der Varianten:
Zulassiger Primarenergiebedarf in Abhangighkeit von AN g€ |
150 Wokngehiude
all AN = 0.92 1/m, Oh" = 72,5 KWhim*a
125 #-______.-F_...-""
Fy
100 __..--"‘"#’ YWiohngebiude - Yariante 1
_d______..-#“”' AN = 0L68 1/m, Oh" = 63,3 KWh/m®a
75 &
40 I wohngebaude - variante 2
95 AN =092 1im, Oh" = 113,F KWhim*a
Gp" I wohngebaude - variante 3
o1 02 03 04 05 0B 07 08 09 T0a 12 AR AN = 0.92 1/m, Oh" = 72,5 KiWhim®a
oy Heizwarme Primarenergie Primarenergie
fat bezogen biezogen atisalut

. - . BRilii
Fraunhofer Institute of Building Physics ot
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What were the reasons why the Energy Concept
Adviser was developed?

* high energy consumption in educational buildings (nursery
schools, schools, universities,...)

« decision makers are often not qualified enough informed

 many different factors for a high energy consumption

building itself, heating system, ventilation, lighting, controls, (cooling)

e an estimation of investment costs and the potential of energy
savings not possible without tools

Fraunhofer Institute of Building Physics —
Hans Erhorn/Simon Wéssner raunhoter et



EnerKey Adviser
Energy Concept Adviser
ECA - Structure

Recommendations

Solutions for existing problems
e.g. IAQ, glare, high energy consumption

Case Study Viewer Retrofit Measure Viewer

Collection of exemplary retrofitting of educational

buildings sorted by country and building type Collection and description of retrofit measures

Benchmarking

Comparison of the consumption of the own building with the typical average consumption of the country

Retrofit Concept Development

Starting with a building type you are able to analyze different retrofit measures on your own building. You can
create different concepts and look on the energy relevant results as well as on the economic calculations

Auditing & Monitoring
Kulu and Auditing report

Fraunhofer Institute of Building Physics —
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REDUCE S—1

Retrofitting in Educational Buildings S5t -

ENERGY CONCEPT ADVISER

for Technical Retrofit Measures
over me 2= L0 =N =S5 B85 1) 3 - =

|EA-Annex36:

additional
courntries:

Fraunhofer Institute of Building Physics
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REDUCE P

Retrofitting in Educational Buildings

ENERGY CONCEPT ADVISER

for Technical Retrofit Measures

obtain recommendations for specific problems in your building GG EGLES

Case Studies

study more than 30 retrofitted buildings and retrofit measures i
Retrofit Measures

compare your building’s consumption to national data BEGGTENEL L EL T

develop an energy efficient retrofit concept for your huilding Retrofit Concept

programs and methods to analyse your building perfformance Utilities

any questions Info & Contact

Fraunhofer Institute of Building Physics —

. " | itut
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EnerKey Adviser
Energy Concept Adviser
Recommendations

Problem
z.B. high heat energy consumption

1 leads to

energy saving potential

Recommendations

est. pay back time

l link to 1 link to

Case Study Viewer Retrofit Measure Viewer

Fraunhofer Institute of Building Physics wd
Hans Erhorn/Simon Wéssner P



Problem Related Recommendation

General Information

This knowledgebased list of recommended measures may fit only partly to your building.
Select your problem in the left column and in the right column it is possible to group the measures in main g
Select the useful measures manually and read detailed description in the lower part.

Select the existing problem

Group measures by

1

General Problems

Specific Problems

| »

Electrical energy consumption is high
Heating energy consumption is high
Water consumption is high
Indoaor air guality problems

Building envelope not aitight

Humidity or moisture problems

Windows need replacement |-
Foof covering needs replacing

Heating controls need upgrading

FPipewaork needs replacing

Boiler ar burner needs replacement

Building fabric insulation is poaor

Fipewaork needs insulating

Wentilation uncomfortable due to draughts

-
Uaativm imaddmmoate imowsindor vammn e h—.n;iiJ

|Hu grouping j

Pozzible measures

Close off open chimheys to prevent ventilation losses ...

FPayback time Very short Term (less than two yvears)

Close off unused air grilles behind radiators.
Paybhack time Very short Term ({less than two years)

Weather strip windows and doors and seal gaps in buil...
Payback time Very short Term {less than two years)

Fit cloesures to external doors.
Payback time Short Term (2 to 5 yvears)

Fit wind covers/back draught dampers to through the w... =

Fraunhofer Institute of Building Physics wd
Hans Erhorn/Simon Wdssner
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Selected Meazure

Install cooking sensor controls on Kitchen extract fans extract large volumes of heated air and should only be
the kitchen hood fans

onwhen required

) Can be carried out with routine maintenance
Yery short Term (less than two years)

Felated Information

Retrofit Measure Yiewer

Q | Lighting and electrical appliances - Control systems

Case Study Yiewer

Exemplary Retrofitting of a School (EROS) in Stuttgart. Germany

University of Stuttgart

University of Ulm

Fraunhofer Institute of Building Physics raunhofer
Hans Erhorn/Simon Wossner Bauphysik



EnerKey Adviser
Energy Concept Adviser
Case study viewer

» (Case studies are shown in a standardised format

* Information can be easily accessed and be compared to each

other
e 33 case studies are included
« Complete report to every case study is available

e also available as book

Fraunhofer Institute of Building Physics —
Hans Erhorn/Simon Wéssner re BT nstity



Case Studies &

Retrofit Measures

Sorting of:
Case Studies by Itypulugy j
Retrofit Measures by I Energy technalogies -
- .
Retrofit Q S =
Country wemues ™ [T =
Case : o
Studies

South Africa

Central corridor school

- — !‘ P P

Fraunhofer Institute of Building Physics i
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Case Study

. Laerskool Garsfontein, Tshwane REPORT as
Viewer PDF

Download of

General Data
Site, Typology
Retrofit Concept
Energy Savings
Us er Evaluation
Renovation Costs
Lessons Learned

Additional Information

F

Building Construction

These were the ariginal school buildings. Although
they should be replaced by the permanent
buildings, they are still in use. The buildings are
build out of pre fabricated elements, which hawve to
outer layers of thin panels. Between there is an
insulation. The windows are single pane glazing
with a metal frame.

Every building is for a separate class room.

The climatic conditions are rather bad in theses
buildings.

MHorthern facade at
“ a pre - fab building. ”

Heating / Ventilation / Cooling and Lighting System

Heating
Due to the bad insulation, there are heaters needed in wintertime. There are two heaters in every corner of
the room. According to teachers, it takes some hours to heat up the room.

Ventilation/Cooling

The buildings are wentilated in by opening the windows supported by two fans (70 W),

Some buildings have mohile heatingfcooling devices in the beuildings, but they are usually not switched on
as they are not effective.

Additional there are some buildings with windows that open vertical. These windows aren't opened, as the
pathwrays are along the buildings and if they would have been opened, pupils would hit the opened

wrinid owes.
= - Fraunhoter

Hans Erhorn/Simon Wdéssner
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EnerKey Adviser
Energy Concept Adviser
Performance Rating

« allows a comparison of the actual consumption of a building

 e.g.in Germany:
— 303 university buildings
— 59 technical colleges
— 199 schools
— 35 kindergartens

— over all 596 examined buildings

Fraunhofer Institute of Building Physics
Hans Erhorn/Simon Wéssner
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Performance Rating

Building Infarmation

The huilding is a: school The reference climate zone  mean climate South Africa

It has a heated floor area of: |2EIIIIIII.EIEI 4| | Pl Click here to get further Information about the climate zones
Consumption of electrical energy; Conzumption of heat energy:

[ Includes already heat energy consumption Energy source: | ail j
Unit of the consumption: |l-:'u“-IhIm=a j Unit of the consumption: |I-:‘u“-IhIm=a j

Consumption: |35,EIEI 1 | | » | Consumption: |1 ag,00 1 | | » |
Conzumtion of water:

Unit of the consumption: [lrm=a ~|  Consumption 20,00 4 | I 3 |

Fraunhofer Institute of Building Physics i
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Conzumption of water:

Unit of the consumption: I/rrea

= Consumption

174.00

4|| hl

Attention! All energy consumptions are shown in KWh/m?a resp. water consumption in I/m?a.

Consumption of electrical energy [kiwhiméal

1 high
s wour building
5E6.0
- A0
- 40
- 30
awrg
- 20
- 10
lioves
-0
Hational survey:
Highezt consumption: 70,0
Average consumption: 240
Lowest consumption: 5.0

Energy saving retrofit is recommended!

- Conzumption of ail [kwhmea)

wour building

high 233.0
- 200
- 150

awrg
- 100
T Jow
-0
Hational survey:
Highezt consumption: 2200
Average consumption: 120.0
Lowest consumption: 40,0

Energy saving retrofit is highly
recommended!

Conzumption of water [I/méa]

high
- 1000
-+ 800
-+ EO0
- 400
awrg
- 200 wour building
I 174.0
-0
Hational survey:
Higheszt consumption: 1100.,0
Average consumption; 2770
Lowest consumption: 1000

The water consumption iz at a usual
levell

Your consumption i compared to the results of a survey of Annex 36 about the energy consumption of educational buildings!

Fraunhofer Institute of Building Physics
Hans Erhorn/Simon Wéssner
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EnerKey Adviser
Energy Concept Adviser
Concept Developement

« chance to examine the possibilities shown in the other parts in
detalil

« possible retrofit measures can be evaluated (economically and
energetical)

« a strategy for retrofitting is proposed

Fraunhofer Institute of Building Physics —
. . rau er .
Hans Erhorn/Simon Wéssner Bauphysik



How to do find a concept

Input of all necessary values for an evaluation

e.g. heat transferring construction elements, heating plant, lighting system,...

The Energy Concept Adviser proposes a retrofit measures for each part of the building!

Determining a retrofit concept

'
v

change single measures evaluate the concept

compare different concepts

Final evaluation and report

Fraunhofer Institute of Building Physics —

. " | itut
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Retrofit Concept Development

The developement part is structured in the sectors listed below. A sector can be opened or closed by clicking on its bar. For all
needed informations (values, costs etc) default values from national studies are included, but can be changed individually by the

user. 5o please check the default values for your confidence. If you need help while aperating click on n

Download manual for ECA

Additionally there is & manual for the whole Energy Concept Adviser available.

o B B B
+0+Q0 +Q +

. - . i
Fraunhofer Institute of Building Physics ot
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By choozing the basic values, a default building iz created.
Thiz building can be further defined in the lower part of thiz zection

The building, for which the pozzibilities for a energy efficient should be analvsed, iz defined in this section.

IF there was already a further definement, changes in the bazic partz sets all the values back to default!

- Bazic Data

Building Type:

Construction year:

Type of Roof:

Type of bazement:

Total floor area [m?]:

Mumber of storeyps:

| school -

Euxample buildings

Typology:

|mu|ti-stu:ure_l,l school -

Click on picture to have a look at the case studyl

[ pre 1950 =
|pitu:heu:| [hieated attic] ;l
|$Ial:| oh ground -

616000 J | |
E J | |

Orientation: N
W E
—_ - Wanean Waek Hinh Crhnnl Wicrnncin -
Click on diagram to select arientation 5 usA
F Consumption of heat energy:
Energy source: f il = Consumption: |374.00 [ Kiwih/nEa =
Fraunhofer Institute of Building Physics — i
raun er

Hans Erhorn/Simon Wdéssner
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Select a retrofit measure

1 internal inzulation with 6 cm polystyrene, vapour barrier and gypsum board [mind thermal bridges. follow-up costs and sg
improved U-¥alue: 0,46 W/ mek Investment coszts: IED,DD £/
Maintenance costs: |4,DEI Iﬂ‘
¢ Select this measure as choosen retrofit measure for this element
2 external insulation with 12 cm mineral wool and plaster
improved U-Value: 0,25 w/m?k Investment coszts: IEEI,EID £/
M aintenance costs: |4,DIZI £/mfa
" Select this measure as choosen retrofit measure for this element
3 external insulation with 20 cm mineral wool and plaster
improved U-Value: 017 Wim?K Investment costs: |1 00,00 £/
Maintenance costs: |4,DD £/nfa

Overview

=l
[

Retrofit Measures: Heat Energy demand: Capital Expenditure:

Cost Benefit Y alue:

s

E xizting Building
11600 kwh/réa
1 internal insulation with 6 cm _ _
polystyrene, yvapour barrier and 1060.0 kvhArfa 197000 £ 0,30 £/[k\wh/ma)
2 | extemal insulation with 12 cm _ _
mineral wool and plaster 10400 Kwhéméa HEONDE 0,40 £/kKwh/nta)
3 external inzulation with 20 cm _ _
mineral wool and plaster 102300 Kwhdméa 95000 £ 0,50 £/]kwh/n#a)
4 | extemal insulation with 12 cm _ _
polystyrene foam and plaster [mind 10400 Kwhéméa STEOOOE 0,30 £/kwh/nta) —
5 | extemal insulation with 20 cm _ _
polystyrene foam and plaster [mind 102300 Kwhédméa JIEO00 £ 0,40 £/kwh/na) LI

L i

Fraunhofer Institute of Building Physics
Hans Erhorn/Simon Wéssner
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Element: Concept
Choozen retrofit measure: 1 2 3 4 L
pitched roof =

3 O O r r

14 cm mineral wool ingulation between the rafters, vapour barrier, water barrier, lattice

ground plate

4 cm mineral wool, screedfloon [extra costs for shorkening of the doors]

steam heating

Low Temperature Baoler 70/55

external wall

internal inzulation with B cm polpstyrene, wapour barmer and gypzum board [mind therr

lighting source

Compact Fluorescent

window north LI

The measures are sorted by benefit-cost-value

Show: IEnelg_l,l relevant walues ;I Show Results Irelated ta floor area ;I

Show: IF'”""'E"-"J Energy ;I [ Show values as savings

Primary Energy
Al alues are shown in kwh/méal

1160.0 1160.0
1050.0
9450
81E.0
Ra0,0
Ewiztifg Concept 1 Concept 2 Concept 3 Concept 4 Concept 5
Building

Fraunhofer Institute of Building Physics i

. .. Fraunhofer .
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EnerKey Adviser
Energy Concept Adviser 2
public buildings

Public buildings — Information tool

Still to come

Fraunhofer Institute of Building Physics .
Hans Erhorn/Simon Wodssner Institut



EnerKey Adviser

Questions?



