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Executive summary

This report summarizes the results obtained by Exeleria during the different visits in the pilot sites
selected, where a process of refurbishment will take place under the DREEAM project approach.

The pilot sites and it visits can be summarized in:

« Padiham: An amount of 107 familiar dwellings in the city of Padiham (United Kingdom) property of
Places for People. The visit took place on 8th of February 2016.

- Treviso: The initial pilot site in Treviso (see annex), where two visits have been made, has been changed
to another which consists in two multifamily buildings. The building owner of this pilot site is ATER
Treviso. The visit took place on 10th of January 2017.

o Landskrona: In the city of Landskrona (Sweden), a total of 5 multifamily buildings property of
Landskronahem. The visit took place on 17th of February 2016.

The study focuses on the data gathering of the current situation of the components of the building for
a later analysis. The elements subjected to be analysed can be classified in:

« Passive components:
o Thermographic analysis
o U-Value analysis
o Windows
« Active components
o Heating and DHW production
o Terminal units
o Lighting
Some conclusions have been taken after the analysis of all the data obtained during the visit. Of this
conclusions is extracted an overview of the most critical situations, from an energetic point of view.

Using these parameters, a simulation analysis has been done. The tool used to do that is the HAP
(Hourly Analysis Program) which calculates the energy consumption in the building and that can be
compared with the real data obtained from the building owner.

An analysis of sensitivity has been done using the parameters room temperature, U-Value and
infiltration showing how a variation of them affects the energy consumption.
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1 Pilot Site overview

1.1 General Description

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point

for the renovation DREEAM approach.
This technical baseline will be focus on the gathering of information about:

- Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are

they currently and the features of the windows.
- Active technologies: Identifying every component of the installation of the buildings including electrical
parts, heating systems, storage and lighting among other things.

1.2 Buildings Description

The visit took place in the city of Padiham (England) in social housing buildings located in the streets
Whitegate Close, Victoria Court and Whitegate Gardens.

Figure 1 Aerial view of the social housing building
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From the 107 houses, three types of buildings were examined:

| Legend

CO2 Property Archetype
[ End=Terrace, 2 bedroom/s
[ End-Terrace, 3 bedroam/s
[] Midl Terrace, 2 bedrocm/s
[ Mid Terrace, 3 bedroom/s

Ground Floor Flat (1 bed)/
B First Flaor Flat (2 bed)

O Ground Floor Flat (1 bed)/
First Flaor Flat (1 bed)

[ First Flaor Flat (1 bed)
[ Ground Floor Flat (1 bed)
T Mot Applicable

Property Details
® sl
@ gectric
¥ Electric & Gas

Figure 2 Pilot site map and buildings visited

« A first floor flat with one room (electric): this home was empty so the U-value measurements were

taken there. It is located in 50 Whitegate Close and consists in: one room, a living-room, a kitchen, a

bathroom, a technic-room and a storeroom. It has a net area of 47,5 m2.

[ W [ [ W [
Lounge Bedroom
0up'd—‘r Cup'd
Kitchen s e

g
Bathroom
Cupd |
[ W] [w ]

Figure 3 Floor plan:50 Whitegate Close

« A middle terrace with two rooms (electric): Similar construction as the previous one. The thermo

graphic analysis has been done in this house. It is located in 38 Whitegate Close and consists in: three
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rooms, a living-room, a kitchen, a bathroom, a technic-room and a storeroom in two floors. It has a net

area of 77,7 m2.

Ground Floor

Na.36
W
Lounge
W
— Kitchen
\ Study
No.40

First Floor
Ne.36
Beadroom
Cup'd
Cup'd
Bedroom
Bathroom
No.40

Figure 4 Floor plan:38 Whitegate Close

- End-terrace with three rooms (electric and gas). In this house the Gas powered active technologies has

been examined. It is located in 11 Whitegate Gardens and consists in: three rooms, a living-room, a

kitchen, two bathrooms, and a technic-room in two floors. It has a net area of 80,8 m2.

Ground Floor

First Floor

Y

Kitchen

Lounge

Bathroom

Bedroom

I WT [ W

e A — ——

Figure 5 Floor plan:11 Whitegate Gardens



1.3 BO requirements and objectives

To carry out the pilot visit, the collaboration of the building owners is required to allow the other
collaborating parts in the visit to gather as much information as possible that can be used after the
visit to make a deep analysis about the current situation of the building. For it, Places For People has
made available the entry to different flats and technical rooms allowing to make a thermography
analysis, to measure the thermal transmission of the passive components and to analyse the active
components.

The main objective of the building owner about this visit is to have an understanding of the current
situation of their properties. This information must cover the components of the building and the
energy consumption of the social housing. It will consist be the first step of the renovation process.

1.4 Information needed

To perform the analysis of the building and compare the data obtained from the measurements it is
necessary to have the construction plans which include every information about the typology,
orientation, dimensions, components and details of the building.

Places For People has provided the composition of the envelope components, therefore Exeleria can
get a comparison between the practical and the theoretical data. Construction plans of the pilot sites
visited have been also provided. However, Exeleria has made measurements of the dimensions of one
of the buildings.

Another information as construction plans and electrical bills have been provided.
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2 Onsite data gathering

2.1 Pasive components

2.1.1 Thermographic analysis

The detailed information related to the thermographic analysis could be found in the methodology
document included in the annexes.

To carry out the thermographic analysis, a minimum thermal conditions for the difference of
temperature between indoor-outdoor were necessary.

The temperature inside the building during the thermographic work ranged between 13 and 16 °C.
The temperature outside was between 5 and 7 2C. Which means a difference between 6 and 11 °C.

After de thermographic analysis in the different parts of the building we can obtain the following
conclusions:

There are generally important thermal bridges in the corners of the fagades against the outside air.
There are big areas with temperatures around 7 — 8 2C when the rest of the room is around 42 C higher:

Figure 6 Thermal bridge in a corner

A big presence of humidity can also be observed in most of the walls. There are small random areas
with temperatures around 82 C:
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Figure 7 Humidity in the wall

Another example of humidity in other room in the house:

189°C

Figure 8 Humidity in the wall

Important thermal bridges can also be observed in windows. There are points with a very low

temperature, around 82 C:
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Figure 9 Thermal bridge in a window

Regarding the facilities of the building there is no presence of leaks as we can see in the photo:

Figure 10 Pipe inside the wall

In the following photo we can see the gas boiler which is located near another rooms in the house and
it has a maximal temperatures of 1002 C. The boiler has not an insulated cover.
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Figure 11 Gas boiler

Generally, the house presents very bad conditions of insulation and serious humidity problems which
implies important constrains regarding the feasible renovation options.

2.1.2 U-Value analysis

The detailed information related to the U-values analysis could be found in the methodology
document included in the annexes.

To ensure the accuracy of the measurements the ideal conditions required are:

- Temperature difference (outdoor - indoor) of at least 15 2C
« External surfaces un exposed to solar radiation

A representative batch within each pilot case based on construction features (num. of bedroom,
orientation, m2...) is selected. The equipment for measuring U-values include heat flux meters,
thermistor temperature probes and data-loggers.

For the analysis of the building envelope four components of it have been analysed and obtained the
currently U-value of them.

The results obtained are:

Number Component U-Value obtained  U-Value
[W/mK] calculated
[W/m3K]
1 Wall against exterior air 4,676 1,20*
2 Wall against exterior air 1,945 1,20*
3 Floor against exterior air 4,119 3,87
4 Roof against unheated room 1,758 0,58

*There is no evidence of cavity injection

1. Wall against exterior air. This is the wall with windows situated in a room oriented to SW. The results

obtained are:

. Temperature difference: 3,7 °C
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» Solar radiation: Not influenced

U-Value Tw

[W/m?K] [=C]
08.02.2016 10:32:42 4,676 7,34 9,59 85,3 5,9

The high U-Value obtained indicates that apparently there is no insulation system on the facade.

Figure 12 U-Value analysis of the wall

2. Wall against exterior air. This is a wall with windows situated in a bathroom oriented to NE. The results

obtained are:
. Temperature difference: 2,9°C
» Solar radiation: Not influenced

U-Value Tw i Hr
[W/m?K] [eC] [%]
08.02.2016 11:23:57 1,945 8,08 8,77 89,9 5,9

The relative good U-Value obtained compared with the other wall indicates that there is an insulation
system on the fagcade, apparently injected in a renovation.

Figure 13 U-Value analysis of the wall

3. Floor against exterior air. This is the floor in every room of the flat (first floor flat) against exterior air.

The results obtained are:
« Temperature difference:  1,59C

- Solar radiation: Not influenced
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U-Value Tw

[W/m?K] [=C]
08.02.2016 11:39:14 4,119 7,29 8,25 86,1 6,8

The high U-Value obtained indicates that apparently there is no insulation system on the floor.

Figure 14 U-Value analysis of the floor

4. Roof against unheated room. This is the roof situated on the first floor against an unheated loft. The

results obtained are:
. Temperature difference: 3,4 eC
» Solar radiation: Not influenced

U-Value Tw i Hr
[W/m?K] [eC] [%]
| 08.02.2016  11:58:26 1,758 9,11 9,61 88,7 6,2 |

The U-value obtained is similar to the value that this component with a 5 cm layer of insulation (see
photo) could have.

Figure 15 U-Value analysis of the wall
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2.1.3 Windows

The basic features of the windows can be obtained using the application PRISM@VER 2012 which gives
the user the number of layers of glass, their thickness and the length of the cavity between glasses.

Using the application for the windows in the building and in different orientations the conclusion
obtained is that the features of the windows are the same for the whole building.

It consist in a double-glazed windows with a cavity between them apparently of gas. The measures of
the windows are:

3,5 mm/ 23 mm/ 4,5 mm

Figure 16 Window
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2.2 Active components

2.2.1 Heating & DHW production

Depending on the heating and DHW production the pilot houses visited are divided in two different
groups:

- Electric: The 100% of the production of energy comes from electricity. For the heating electric radiators
are used (see terminal units) and for the domestic hot water production, a small electric boiler with a
deposit is installed in every house.

Figure 17 Electric boiler

For the domestic hot water the shower has its own electric resistance:

Figure 18 Electric resistance for the shower
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- Electric & gas: There is a system based in a gas boiler for the production of heating and DHW with the
help of an electric boiler also for the heating.

The gas boiler is from BAX: FS 601 OF with a output power of 17.58 kW

Figure 19 Gas boiler

The electric boiler is connected to a small storage tank:

Figure 20 Storage tank
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The production can be regulated depending on the hours during the day that the tenants prefer and

which system is working (hot water, central heating or both of them):

Figure 21 Regulation system

2.2.2 Terminal units

A terminal unit is the part of an installation which receives hot or cool air or water from a centralized

system to provide heat or cool on a conditioned area.

The terminal units used are radiators and night storage units.

Night storage units: The night storage system stores thermal energy during the evening, or at night
when base load electricity is available at lower cost, and releases the heat during the day as required.

There are located one night storage unit per room and the dimensions of it depends on the area to be
heated: For example we can find a 1 x 0,65 m in a bedroom and 0,6 x 0,65 m in the kitchen.

Figure 22 Electric radiator

The night storage system stores thermal energy during the evening, or at night when base load
electricity is available at lower cost, and releases the heat during the day as required.
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In most of the rooms they are located near the entrance despite the optimal location (under the
windows).
All radiators have a manual regulation system which regulates the temperature of the room and the

overnight charge.

Figure 23 Regulation of the night storage unit

« Gas radiators: Are the elements used in the building to transfer the heat generated by the gas boiler.
Depending on the house it can be electric or hot water powered. There are located one radiator per
room and the dimensions of it depends on the area to be heated: For example we can find a 1,20 x 0,7
m (26 elements) in a bedroom and 1,1 x 0,9 m (2x22 elements) in the kitchen.

In most of the rooms they are located under the windows.

All radiators have a shut-off valve that can interrupt or allow the flow of water flowing through the
radiator, and an individual meter that measure the radiator consumption (heat allocator system).

Figure 24 Regulation of the radiator
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2.2.3 Lighting

Room lighting can be general, punctual, ambient or decorative. Depending on the lamp:

Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it.
They have a very low efficiency (5%)

- Halogen:is anincandescent lamp that has a small amount of a halogen such as iodine or bromine added.
They have a lifetime around 1.500 hours of use.

- Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce
visible light. They are more expensive than incandescent but they have more efficiency and life.

- Low consumption: are also fluorescent lamps adapted to the size, shape and stands of conventional
bulbs. They are more expensive but easily to be depreciated with a lifetime between 6.000 and 9.000
hours.

o LED: it is a p—n junction diode, which emits light when activated. LED lamps have a very high efficiency
(around 90%) Despite of its high price, they are the best option at long term.

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally
the most used are:

- Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range
between 40 and 60 W.

- Halogen: There are some bedrooms with halogen lamps

Figure 25 Halogen lamp

« Fluorescent: This kind of lamp is used for the kitchen and toilets.

« Low consumption lamp: This kind of lamp is barely used in the building.

The consumption of lighting and appliances will be taken into consideration for the baseline analysis
but not for the next steps due to the difficulty to establish energy savings measurements because of
the variety and number of devices, the behaviour of the user, etc.
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3 Simulation analysis

3.1 Hourly analysis program software
The main goals of this simulation are:

« To help to verify that the measured U-values and gathered building information are able to explain the
current energy consumption.

« Sensitivity analysis of the different parameters, seeking for those parameters that have influence on
energy consumption.

« Feasibility check: This model will be the starting point for the feasibility check to be developed later on.

3.1.1 Introduction

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility
engineers and other professionals involved in the design and analysis of commercial building HVAC
systems.

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For
instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1
(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website,
www.usgbc.org, for more LEED info.

3.1.2 Load calculation

HAP software uses:

« ASHRAE Transfer Function cooling load calculation procedures,
« ASHRAE design heating load calculation procedures, ASHRAE design weather data.

- ASHRAE design solar calculation procedures.

Features:

- Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it
calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people,
electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of
day and time-of-year factors.

- Performs detailed simulation of air system operation to determine cooling coil loads and heating coil
loads and other aspects of system performance 24-hours a day for design days in each of the 12 months.

« Analyses plenum loads.

« Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration.
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« Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat

operation.

On the following figures are displayed some examples of the type of data required in HAP simulation

related to design weather inputs but also the outcomes provided by the HAP tool.

Design Parameters:

City Name Manchester

. United Kingdom

gn Dry-Bulb

Summer Coincident Wat-Bulb
Summer DeihyRangs ...
Winter Design DnyeBulb
Winter Design Wet-Bulb 6.6

Atmosphernic Clearness Mumbsr
Average Ground Reflecance |
Seil Conductivity ...
Local Time Zone (GMT +/- M howrs) .
Consider Dendight Savings TIME e
Simulaion Waather Data ...

2001 ASHRAE Handbook

53,4 Deg.

e
&N
=
aaFAaa?
&

Dresign Cooling Months. ... January to December
Design Day Maximum Solar Heat Gains

(The MSHG values are expressed in Wim®™ )

Manth N NNE NE] ENE E ESE SE 55E 5
Janusny 32,5 32,5 32.5 80.8 23,7 416,58 5394 33,1 859,59
Februany 5.7 5.7 68,4 2302 447.0 noE,2 7103 T58.5 72,2
March 70,2 70,2 2284 4248 hoR B 03,2 7450 T754.0 T56,9
Acpril 50,1 1%5,5 71§ EEH B BE4 5 T1E,1 TOED B72 4 BE2,7]
May 125,56 OB .6 454,27 [ i) ] [iLlil] hoi.4 ]
June 187.5 3377 514.3 821,7 [ &70.5 14,3 549,59 518.7
Juhy 128, 1 304,59 4721 6035 [5G 6768 833.3 RT8, R, B
August 95,7 191,59 368.0 ] B35, T i ] [ 849,49 8329
September 73,2 73,2 2127 380, T ] G54, 7 Ti7.7 T26.9 T18.5
Oictobser h2.B ] h2.8 240,7 46,2 hTE.6 [ TZ1.8 T36.8
Nowembser 3259 329 32,9 [i:] 2405 3586 BarT. T 87,7 38,2
Decembsr 24,1 24,1 24,1 30,1 1547 325 440,85 5327 ]
Manth S5W 5w TET w WWHW NV MMV HOR Mult
January G21,7 e 404, 0 2484 83,7 32,5 325 134.0 1,00
Februany T59.8 T07.9 Bo3.b 47,3 2384 G678 5.7 254, 1 0D
March 761,59 TEG, 5 TOE, 3 EEE B 437 3 2170 70,2 478, B ]
April 674,65 TG T16,| 866, 1 61,3 3544 189.5 620, 4 D)
May ho1.4 843.3 BET 6 BaT 4 [0 485.0 2554 T35 1,00
June 9.5 8075 863,0 a81.4 G285 8.7 J48.8 7311 D)
Juhy BT6,3 [ix] [ B72.4 5018 4755 3029 T01,0 0D
August 852,10 B80,6 =K 641,56 £33 1723 1848 64,1 ]
September TIT 6 T1B.6 BimG, 7 R, 2 ETER 2125 73,2 4584 L]
October 721,56 8755 576,2 414,7 2378 57,3 52,8 2532 1,00
MNowembser 619.9 5136 403,59 2328 76,3 329 329 1325 1.00
December hid.4 4370 16,6 135.8 324 241 24,1 79,5 1.00

MuR = User-defined solar mu Riplier faclor.

Figure 26 Design weather data
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Design Temperature Profiles for December
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Figure 27 Example of December daily temperature

3.1.3 Simulation approach in Padiham

« 50 Whitegate Close

In order to extract conclusions the house with electricity as energy source where the U-values have

been taken have been modelled and simulated.

According to the dimensions measured in the first flat (floor area, ceiling height, walls and windows

dimensions, etc.) the simulation has been done.

|&] 2

s R

1300472016 1226

Figure 28 Space definition

In Padiham we have defined one wall composition for the walls against outside oriented to NE, SW

one for the floor against outside, one for the ceiling and one for the windows. In this first approach we

have estimated the occupancy of 3 people in the flat due to there are two rooms (parents with a

children). According to the information gathered during the visit we also assume 8 W/m? for lighting

and 6 W/m? for electrical equipment.

29/222

dreeam



Ventilation parameters are really significant in residential sector to assess the energy demand (Heating
and Cooling) at the buildings. In Padiham according to the construction type we have estimated an
infiltration of 0,75 ACH (Air Changes per Hour) which means an intermediate level of infiltration.

&) Space Properties - [50 Whitegate Close]

| = |

7
& Space Properties - [50 Whitegate Close]

=)

General | \ntsmalsl Walls, Windows, Duursl Fioofs, Skylights Infiltratiunl Fluursl Palliliunsl

General Intemals | wialls, windows, Daors |

Fimls,Skyhghtsl \nhltrallnnl Flﬂmsl Famtlnnsl
1

MName

Floor Area 175

|5l] ‘Whitegate Close

Aueg Ceiling Height |2'4 m

e

~ Owverhead Lighting

Eisture Type Recessed. unvented  »
Wallage 8.00 WA vI

- Peopl
Occupancy (3.0 Peaple 'I
Activity Level [5aated of Rest hd

Ballast Multiplier [1_pp Sensigle 67.4 ‘wéperson
Building ‘#eight |35|]'5 kadm? l_ -
L Schedule I lﬁighling - Latent 35,2 W /person
ight Med, Heawy
r — S chedul I
04 Yentilation Requiremen Task Lighting ﬁl People 2
Space Usage |<User-Dehned> LI wattage |l],l]l] IWfrrF ;I -~ Miscellaneous Loads———————————————
04 Requiement 1 [0.0 |Lsipersan ~| schedule || {nane) || |Sensible 0 W
04 Requiement 2 |[|,Ul] ILI[s-rrF] LI r Electrical Equipment Schedule | |{none) -I
‘watt Latent W
Space usage defaulls: ASHRAE 5td 62.1-2007 B [10.00  [wsme | |Laten Jo
Defaults can be changed via VYiew/Preferences. Schedule I B, cepement - Scheduls lm
oK Cancel | Heb | [ok ] cancel | Hep |

g N B
&) Space Properties - [50 Whitegate Close] ﬂ &l Space Properties - [S0 Whitegate Close] &
Ganara\l Internals Wal\szduwsDDDrs F\nnfs,SkyIightsl \nf\ltratinnl F\nnrsl Partitmnsl Generel] Inlemalsl Walls.Windows,Doorsl Roofs, Skylight: Fioorsl Partilior\sl

Wall Construction Types
Gross  w/indow Window for Exposure; 1[5w)
Area 1 2 Door
Exposure W Quantity Duantity Quantit wiall |Ih
15w ~ 135 q 1 0 Enter infiltration rate in any column:
2lNE 195 1 1 0 Window 1 | [wiedews room 1 | Lis Lisint ACH
3 [notuse | | [ — Design Cooling ~ [23.75 [0.61 [0.75
4 | not usen S 2
— DesignHeating  [23,75 0.61 0.75
5 ot use: v _window 2 | [ywindow room 2 = ‘ [23. fo. 0.
3 = Energy dnalysis  [23,75 0.61 0.75
ot Lisen ¥ | Shade 2 Im
7 | ot usen > | I
] P Door I[nuns] LI Infiltration occurs: ¢ Only When Fan Off
— - & &llHours
oK | Cancel I Help | 0K Cancel Help

&) Space Properties - [50 Whitegate Close] =
General| Intemals | Walls, Windows, Doors [ Roofs, Skylights | Iniillraliunl Floors  Partitions
Partition 1 Partition 2
" Ceiling Partition & Ceiling Partition
& Wall Partition " Wall Partition
Area |a3.8 |a75 w
UV/alue |2.000 |0.500 WEK
Unconditioned Space Max Temp. [21,0 |23 {5
Ambient at Space Max Temp. |25.0 [25.0 e
Unconditioned Space Min Temp. |-||]’[| [10[0 °C
Ambient at Space Min Temp. 5.0 5.0 T
oK | Cancel Help

Figure 29 Spaces definition

In the next figures we have the wall and windows defined as well as an example of the type of input

required by the tool:
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) HAPA8 - [Padiham NT_50Whitegate Close]

e

Project Edit View Reports Wizards Help

3)|c5 | o | 8| @] g5 | ) || o] G -l

awlm 2

Padiham_NT_50White] [ Wall_ ,

% Weather 7 <New default Wal>
) Spaces @wal

Systems

3 Plants

B Buidings

=B Project Libraries
B Schedules
S

&5 Roofs

3 Windows
Doors

°Q Shades

B Chilers

iz Cooling Tower
1 Boiers

2 Electic Rates
“» Fuel Rates

R

Overall U-va... | Overall Wei.

1.208 2780

Input Range: 1 to 48 charfs).

05/09/2016 | 10:22

N

( - N 7 Al
@i} Wall Properties - [Wall] & [ Window Properties - [Window kitchen] M
‘Wall Assembly Name: [T _j D
Outside Surface Color:  |Dark - Absarptivity: |0,900 Name:
A : | Thickness|Density | Specific Ht. | R-Value ‘Weight Detailed Input: r
) Layers: Inside to Outside [ mm | kel | kikaK ,i KW | kot i T o T
|Inside surface resistance 0.000 0.0 000 012064 00 o = =
» [Concrete ~| 200,000 6087 084 010000 1217 Frame Type: [ =
Air space ~| 5.000 0.0 0.00  0.18000 00 Intenal Shade Type: | ~|
|Face brick ] 250000 20023 0.92 037000 5005 Overall Ualue: 2800 Wit/
|Outside surface resistance | 0.000] 0.0 0.00 005864 00 -
| | 1 | ‘ Overall Shade Coefficient:  |0,850
Totals 455,000 | 0sd 6223 =
Overall UV alue: 1.208%/ /e /K Glass Deta
Glazing | Glass Type | Transmissivity | Reflectivity | Absorptivity
Outer Glazing v
Glezing#2 | =0 i
Glazing #3 -
Gap Type: v
0K l Cancel Help 0K I Cancel Help
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T Weather [EH <New defaul Window>
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Systems R window kitchen
Plants [ window room 1
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2800
2800
2,800
2,800

0850
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| Input Range: 1 to 30 char(s)

05/09/2016 [10:25 P

Figure 30 Wall and windows definition

While defining a space, information about the construction of walls, roofs, windows, doors and

external shading devices is needed, as well as information about the hourly schedules for internal heat
gains. This construction and schedule data can be specified directly from the space input form (via links
to the construction and schedule forms), or alternately can be defined prior to entering space data. In
this first approach we have define three different schedules: one for the electrical equipment, one for

heating and one for lighting.
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[ Schedule Schedule Type ]
I3 <New defaul Schedule>
B Elec. equipment Fractional
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1Bl Project Libraries "
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"
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%4 Electiic Rates
“® Fuel Rates
gl I I
Ready 113/04/2016 [12:21 Y
Y ' A
i} Schedule Properties - [Heating] {23 | [ G schedule Properties - [Heating] [
Soheduls Type | Hourly Profiles & Assianmenis | Schedule Typs || Houry Profiles | Assignments |
Months 1:Profils One 2:Profile Twa
J FMAMIJASONTD
Design 3 |3|3(2(1(1(1(1]|3|3|3|3 i T
cheduls Name: i
Mon. 3|3|aa[1]1[1]1]3]a]a]a Heating
Tue 303]3|3|1]1]111131313|3 ZPrafile Thies 4:Profile Four
wed alalalal1l1(1]1]3l3l3]3 Schedule Type: " Fractional  [People. Lighting, Equipment, Misc,
Sensible, Misc. Latent, Yentilation
Thu. 3(3|3|3(1|1|1|1]|3|3|3|3 Airflowe. Service Hot ‘water Usage,
| o o Misc. Electric, Mis Fuel]
Fri. 3(3|3(3(1|1]1|1|3[3|3|3 5:Profile Five E:Frofile Six
Sat 3|3/3|3[1]1]1/1]3/3/3|3 & Fan/Themmostat
Sun.  3/3/3|3|1[1/1/1/3/3/3]3  Utiity Rate Time-of Day
Holiday 3|3 |3]3[1[1]1]1]3]3[3]3 T:Profile Seven :Profile Eight
Use the mouse of the atrow keys to sshect a
block of cells and press a number key or click
a profile to assign it to those days/months.
0K | Cancel | Hep | ok | Cancel Help
\ \

Figure 31 Schedule definition

In Padiham we have electric radiators as terminal units (heating system) so the design supply

temperature must be quite close to 55 2C. Heating T-stat Set points is 219C.

N - N
[& Air System Properties - [Heating] = Air System Properties - [Heating] (i
Wert System Components | Zone Components| Sizing Data | Equipment | General| Vent System Components  Zone Components | Sizing Data | Equipment |
% Enaned ~ Space Assignmen
Alr Spstem Mame Heating I Themostats Zone 1 of 1
Zone 1
Spaces
Equipment Type Teminal Unis - 15} Gemene I
! = K2l Tieminal Units SR ILEEER
it System Type ISDIII 0 Fan ol LI A0 Whitegate Cloze A0 Whitegate Cloze 1
Mumbst of Zores —— Add
B
Wentilation & Direct Ventilation
" Common Ventilation System 53"2‘25
oK Cancel Help 0K | Cancel | Hep
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Air System Properties - [Heating]

-
3| [ Air System Properties - [Heating]

=

General| Vent System Components  Zone Components | Sizing Data | Equipment |

General| Vent System Componerts  Zone Components | Sizing Data | Equipment |

- Thermostat and Zone Data- ¥ Spaces
[V Allzone Tstats setthesame <« [ »| Zone Al of 1 v Thermostats

All Zones b ] 2

oce[z3g ‘T wnoce 57 C ¥ Teminal Urits
oce.[210 T wnocc.[1gp C
083 K

100 %

v Spaces

o Dt

IV Common Data Zone Name

Iv Terminal Units Cooling T-stat Setpoints
Heating T-stat Setpoints
T-stat Throttling Range

Diversity Factor

~ Comman Teminal Unit Data

I Coaling Cail
Design Supply Temp, T

Coil Bypass Factar

Conling Source
Schedule

v Heating Cail
Design Supply Temp.

[T TmlaTwl =TT

Direct Exhaust Aiflow 0.0 L/s Heat Saurce Electic Resistance -
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ThemosaSchedie | [fosing =] ]  FanCycled @ FanOn
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OK | Cancel | Hep | 0K | Concel | Hep |

Figure 32 System definition

HAPAS - [Padiham] 5.
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" plant Pno;;erties -[DHW .

T

Usage Schedule:

Design Temperature:

28 |Upersonlday vl

[ Use Distribution Pump
Input Power:
Mechanical Efficiency:

Electrical Efficiency:

Average Cold Water Supply: 120 °C
— Di
Pipe Heat Loss Factor: 50 %

[ s =]
[ =
[ =

" Use as Recirculation Pump

™ Pump Cycling
Delta-T:

-

Minimum Temperature:

Loss Factor:

I Pasteurization

Period:
Duration:
Start at:

Temperature:

W Auto-Size Heater

Heater Capacity:

General Y 0 ofEgpt | Di | Source Water
~C ~Iv Stored Hot Water
Max Rate: Storage Tank Volume:

190 L
60,0 °C
30 [% -

days
hours

Plant Type:

Service Hot Water

OK

Cancel I Help

iated with the cte

plant type

Figure 33 Plant definition

The Domestic Hot Water plant has been simulated taking into account 28 |/person/day, distribution
losses of 5% and a design temperature of 602C.

W Boiler Properties - [Sample Boilerl 0 D )
~ Boiler Description Part Lo
Name [T [ComtartEmetercy =
FuslorEnergyType  [Blectnc Resistance -
Boiler Type. |Hat Water hd
BolerFulLoadData
Boiler Caparity
¥ Au-sizs
Gr0ss Output —
Summary
ke Al Equpment e Sams Dasign HWST %3 C
TosiFallosCapsoty [k
C . Total Hot Water Flow Rate: Us AT G ! K =
Shared Waker Source Total Evaporator Flow Rate us Overall ERcisncy w00 %
Cloil o lbs [ Boiler Accessories 00 K
TotaiWater Source FlowRate: [ U |
oK Cancel Help
Plant Type:  Service Hot Water oK Cancel Help 4 Q 4]
piantane [ i Craracers 32 [Baier Name ax Charaders 35
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General | Systems | Senice HotWater| Ci
Distribution System

£ Plant Properties - [DHW]

| Schedule of Eqpt. |

Y_Source Water
Fluid Properties
Type

Primary Only, Constant Speed = Name [ Fresh Water LI
Coil Delta-T at Design 14 °K Fluid Density 970,7 kg/m*
Pipe Heat Loss Factor 50 % Specific Heat Capacity | 4,19 kJ/(kg-°K)
Pump Performance Units kPa =
Primary Loop
Hech Elec
R '“;‘Eq“"""e“' Flow Rate (P:;:'; Efficiency | Efficiency
4 (%) (%)
1 10,0°K 0,0 80,0 94,0

Plant Type: Service Hot Water

OK Cancel Help

Type of pump and piping system used

Figure 34 Plant definition

In our simulation a boilers that provide DHW has been defined with a deposit tank estimated in 190 I.
In the following figures we have the results that comes from the simulation tool. On one hand the
energy consumption related to DHW which it is really similar throughout the year as it is possible to

observe in the figure 32, on the other hand the heating consumption as figure 33 displays there is no
energy demand related to heating consumption during summer time.
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Figure 36 Heating system simulation results- 50 Whitegate Close

Jan
The same previous procedure has been done for the building located in 38 Whitegate Close obtaining

the following results:

« 38 Whitegate Close
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Monthly Simulation Results for Heating
Project Name: Padiham_38WGC_Current 01132017
Prepared by: Exeleria 12:01
Air System Simulafion Resulis (Table 1) :
Terminal Terminal
Heating Coil Heating Coil Electric
Load Input| Terminal Fan Lighting Equipment
Month (KW [KWWh) [KWh] (KW (kWWh]
January 2437 2437 0 145 205
February 1841 1841 0 131 186
March 1640 1640 0 145 205
April 0 0 0 140 199
May 0 0 0 145 205
June 0 0 0 140 199
July 0 0 0 145 205
August 0 0 0 145 205
September 0 0 0 140 199
October 769 769 0 145 205
November 1401 1401 0 140 199
December 1871 1871 0 145 205
Total 9960 9960 0 1709 2420
Monthly Simulation Results for Heating
Project Name: Padiham_38WGC_Current 01132017
Prepared by: Exeleria 12:01

Terminal Heating Coil Input (kVWh)

2500 . . . . ; . ; ; ;
20004 e R
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s [ T N R
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T R N e
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0 i i i | t + * + | i i i
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Month

Figure 38 Heating system simulation results- 38 Whitegate Close

« 11 Whitegate Gardens

The same previous procedure has been done for the building located in 11 Whitegate Gardens. The
differences comparing with the other flats are the gas source and more external walls (end-terrace
archetype). The following results are obtained:
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Figure 39 DHW simulation result - 11 Whitegate Garden

dreeam

40/ 222



= = =
— —
S ool
o o
= =
= = ] 1 1 i i . ,
! ' ' ! ! ' '
: ' ' 1 : ' '
i Bl b Dl Rl L [ TE====== A======= b I —
| . . | . .
I ' N I ' '
I ' ' I ' '
! ' ' ! ' '
! ' ' ! ' '
coHJololojalala]a]alalalalala EE LR TEEETE R EEEETE R EGEEEY EEEEPEEE EEEFEEEE, jm=-m———- —
ERE " :
ZSg ' '
Sa X : :
) ' '
] ' '
=270 I N A IR £ SECEECEE SEREECEE S RRELELEL EELEbl ECLECEE, drenmnes
= 1 1
. T
o —To|lo|lo|lala|la|lo|lolala|la|la|la ' '
=] FELS o e U SRR .-
E EEE E "
= . — = '
o L Ll 4] !
@ I :
b e '
o =) '
M= .E]wm wlmlo|lo|lo|lo|lo|o|o|: ﬁ = Y= H
0 EEIFE 312125 |m
= a g3 & — || e | = = ]
=1 S0 - =1 !
e .
1)) N "] '
o : kS i
M :
g g "
g == o|o|o|e|e|a|x oo H
=] S8z 8| & B :
o g3lalalz LA m © '
2 : E m
=2 '
= i — '
L] @ w H
> > = m
= E8E = BT F — .
c i T e =|™| = c = .
[=] w =) (=] 1
= e = g :
E @ :
8 5 _
.8 =
= o
a5 S 5
=5 =) — 0| — =1
m oo | | — —| = =%
' SE T - = =
o B2 b © 5
= o = =
a S 3 =]
| % ..L_ m
[} g (]
[dr] = (]
= o= B =
= K © =
- = = L e | F -
. E  E4z 2l: 88 E g
259 25|35 | el BE| 2|55 i
=i = - .m AHEEPEERERIEIRR: =T
m ] HEEIEIE E E EIE Bl o m
o owl = Slul=Elg| =] 5|slg|lw|al=]a ol

Feb  Mar  Apr  May  Jun Jul Aug  Sep  Oct Mov Dec

Jan

Maonth

Figure 40 Heating system simulation result - 11 Whitegate Garden
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3.2 Analysis of sensitivity

After the simulation analysis with the HAP tool, the following parameters have been modified to see
how they affect to the result of the consumption. The building located in 50 Whitegate Close is selected
for the analysis of sensitivity:

3.2.1 Room temperature

For the current analysis calculated before, it has been considered a room temperature of 22 C while
heated. An increment and a decrease of 1 2C on this temperature has been modified and checked the
variation on the heating energy demand.

9.000

]
o
o
S
o

7.000
6.000 -
5.000 -
4.000 -
3.000 -
2.000 -
1.000

Heating energy demand [kWh

21°C 22 °C
Room temperature

Figure 41 Heat energy demand in relation to room temperature

The variation in percentage produced is:

Temperature Heating energy demand
[kwh]

-19C -11,3%

21°C 7.335

+1¢9C +11,4 %

3.2.2 U-Value

In the following analysis the U-Values measured during the first visit are compared with the values
obtained in the calculation.

» Wall against the outside. The calculated value for the simulation 1,2 W/m?2K and a worse one of 2,8:
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12.000

10.000

8.000
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4.000

Heating energy demand [kWh]

2.000

1,2 2,8

U-Value [W/m2K]

Figure 42 Heat energy demand in relation to the U-Value

There is a double demand for the measured value.

« Roof against and small unheated loft. The U-Value measured is 1,758 and the calculated for the
simulation 0,58 W/m?K:

10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

Heating energy demand [kWh]

0,58 1,76

U-Value [W/m2K]

Figure 43 Heat energy demand in relation to the U-Value

There is a 24 % higher demand for the measured value.

« Floor against the outside. The highest U-Value measured is 4,119 and the calculated for the simulation

3,87 W/m?K:
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Figure 44 Heat energy demand in relation to the U-Value

There is the same demand for the measured value.

« All the values together.
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Figure 45 Heat energy demand in relation to the U-Value

There is a 63,1 % higher demand for the measured values.

3.2.3 Infiltration

For the current analysis calculated before, it has been considered an infiltration of 1 air change per
hour. An increment or decrease of it modify the heating energy demand:
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Figure 46 Heating energy demand in relation to the infiltration

Air Changes per Hour (ACH) Heating energy demand .
[kwh]

0,5 -8,4 %
0,75 7.335
1 +8,5 %

A discussion on how to use for this simulation analysis is done in the conclusions section.

3.2.4 Overview

Heating energy demand Percentage
[kWh]
Temperature -1 2C 6.503 -11,3%
Temperature +1 eC 8.172 +11,4 %
Worse U-Values 11.967 +63,1 %
ACH from 0,75 to 0,5 6.713 -8,4 %
ACH from 0,75to 1 7.959 +8,5%
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4 Summary and conclusions

4.1 Passive Components

4.1.1 Thermographic analysis

From the thermographic analysis we can get the conclusion that generally, the conditions of the
insulation in the building are not favourable and do not allow a minimal thermal comfort for the daily
life in the dwelling. A significant amount of thermal bridges have been found in different parts of the
construction: walls, roof, windows, etc. All the components of the envelope must be supervised.

Due to the high presence of moistures, a deeper analysis of it was applied in order to have a better
understanding of them and about possible solutions to this problem. A report of this analysis is
attached here (see damp report).

4.1.2 U-Value analysis

Generally, the values obtained are very high (over 4,00 W/m?2K) and it can be possible that those values
are wrong measured. The possible reasons of the high values could be:

» Non ideal measurement conditions because temperature difference were below 15 2C (similar outside
and inside temperature)

« Humidity during the measure due to the rain.

Considering these values there is an important heat loss through the walls and floor that increases
significantly the energy consumption of the building.

In accordance with this discrepancy, in the simulation have been selected the calculated U-Values.

Below the table with the U-values analysed (bolded the selected for simulations):

U-Value [W/m2K]

Component Obtained Calculated Construction year
average (BPIE)
1 Wall against exterior air 4,676 1,20* 1,80
2 Wall against exterior air 1,945 1,20* 1,80
3 Floor against exterior air 4,119 3,87 1,20
4 Roof against unheated room 1,758 0,58 0,90

*There is no evidence of cavity injection

4.1.3 Windows

The results obtained show that the windows have apparently a good state of insulation due to the
wide cavity (aprox. 23 mm) between the two glasses. Moreover, the existence of a gas between them
imply a lower U-Value of the window.

For the analysis, a value of 2,8 W/m?K has been selected.
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4.2 Active Components

4.2.1 Heating & DHW production

The boilers seems to be very old. That means that they have a very low efficiency, which implies a
higher demand of primary energy comparing with the current boilers in the market. It can be also
observed that the pipes are not good isolated in some cases, therefore, there are important heat losses
through them.

The electrical system for the shower is an efficient way to produce hot water in the same moment as
the consumption and also to reduce the loses produced during the transport of it.

4.2.2 Terminal units
In the case of the radiators in the houses that use gas, the control of the heating depends on the user

which can switch on or switch off it depending on their thermal comfort (not on the room temperature
or the outside temperature). This system is not very efficient from an efficiency point of view.

4.2.3 Lighting

There are installed a significant number of lamps that suppose a waste of energy comparing with the
newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power
in a dwelling increase significantly the power consumption considering the total amount and the
number of hours they are working.

4.3 Simulation analysis
4.3.1 Results obtained

The total consumption of the house is the sum of all the loads: heating, DHW, lighting and electric
equipment. This is not possible to compare the simulated consumption with a real consumption due
to the lack of this information. However, the energy consumed in a social house can be lower than the
standard. Despite this a comparisons based on SAP results for the homes is shown below:

- 50 Whitegate Close
Consumption = 7.335 + 4.362 + 749 + 1.616 = 14.062 kWh year

In relation with the area of the flat (47,5 m?):

Simulation ratios:

o Heating final energy: 154 kWh/m2
o Heating primary energy: 308 kWh/m2
o Total primary energy (heating, DHW, lighting): 592 kWh/m2
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SAP ratios:

Total primary energy (heating, DHW, lighting): 689 kWh/m2

The energy certificate shows a similar value as the energy demand simulated.

38 Whitegate Close
Consumption = 9.567 + 5.662 + 1.709 + 2420 = 19.358 kWh year

In relation with the area of the flat (77,6 m?):

Simulation ratios:

Heating final energy: 123 kWh/m2
Heating primary energy: 246 kWh/m2
Total primary energy (heating, DHW, lighting): 499 kWh/m2

The EPC of the building is not available. Therefore a comparison is not possible. However, the value
obtained is similar to de SAP of 50 Whitegate Close.

11 Whitegate Gardens
Consumption = 14.331 + 4.820 + 1.274 + 2.061 = 22.486 kWh year

In relation with the area of the flat (80,8 m?):

Simulation ratios:

Heating final energy: 177 kWh/m2
Heating primary energy: 195 kWh/m2
Total primary energy (heating, DHW, lighting): 397 kWh/m2

The EPC of the building is not available. Therefore a comparison is not possible.
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4.3.2 Analysis of sensitivity

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters.

Room temperature

An increment or a decrease of 1 2C on the room temperature produces a variation around 11,3 % in
the heating energy demand. A temperature of 21 - 22 oC during the day ensures a minimum of
habitability conditions.

It can be considered that the temperature vary from one room to another. For example, in the
bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.

To heat the building with a room temperature above 22 2C implies a significant waste of energy.

U-Value

The variation produced in the case of the wall against outside is very significant (the U-Value measured
is in some cases the double as the one selected for the analysis) For the other components there is not
a big variation. After the analysis of all of the components together with a better U-Value it is shown
the importance of having a good insulation system.

Using the U-Values calculated which are similar to the one selected from the year construction, which
are in most of the cases much better than the measured, the heating energy demand obtained is
around the half than the one calculated with the U-Values measured.

Infiltration

Through the analysis of the infiltrations in the building, it can be shown that they have an important
impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is
obvious that when the outside temperature is low, have an income of cold air inside the building
increases the heating energy demand.

As we can see in the Figure 46, a small increment in in the value of air changes per hour produces a
significant higher heating energy demand. For example the heating energy demand from 0,5 to 0,75
air changes per hour is increased a 8,5%.
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Treviso (IT)

Pilot site

50/ 222
dreeam



5 Pilot Site overview

5.1 General Description

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point
for the renovation DREEAM approach.

This technical baseline will be focus on the gathering of information about:

« Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are

they currently and the features of the windows.
- Active technologies: Identifying every component of the installation of the buildings including electrical

parts, heating systems, storage and lighting among other things.

5.2 Buildings Description

The visit took place in the city of Treviso (Italy) in social housing buildings located between the streets

Francia and Borgo Furo di Santa Bona

Figure 47 Aerial view of the social housing building
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The two buildings have identical construction features but different orientation
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Figure 48 Pilot site map and buildings visited

Each building has 6 floors of living spaces and in the basement there is a storage room. The triangular
shape of the building allows it to have a high exterior surface.
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Figure 49 elevation plan

There are 3 dwellings per floor of 82,3 m? each. The dwelling consist 3 rooms, a living room, a kitchen,
a bathroom, a toilet and a hall. In the next figure it can be shown an example of one of the flats:
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Figure 50 Floor plan of one dwelling

The total amount of dwellings in each building is 18.
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5.3 BO requirements and objectives

To carry out the pilot visit, the collaboration of the building owners is required to facilitate to gather
as much information as possible that can be used to make a deep analysis about the current situation
of the building. For it, ATER Treviso has made available the entry to different flats and technical rooms
allowing to make a thermography analysis, to measure the thermal transmission of the passive
components and to analyse the active components.

The main objective of the building owner about this visit is to have an understanding of the current
situation of their properties. This information must cover the components of the building and the
energy consumption of the social housing. It will consist be the first step of the renovation process.

5.4 Information needed

To perform the analysis of the building and compare the data obtained from the measurements it is
necessary to have the construction plans which include every information about the typology,
orientation, dimensions, components and details of the building.

ATER Treviso has provided all the construction drawings that allow Exeleria to get a deep study of the
building.

This information includes:

« Building spaces Lay-out

- Elevation drawings

- Energy Performance Certificates of some dwellings

« Envelope components detailed description

« Heating & DHW technical drawings (central production systems schemes)

- Energy consumptions of the central heating & DHW systems for the whole building
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6 On site data gathering

6.1 Pasive components

6.1.1 Thermographic analysis

The detailed information related to the thermographic analysis could be found in the methodology
document included in the annexes.

To carry out the thermographic analysis, a minimum thermal conditions for the difference of
temperature between indoor-outdoor were necessary.

The temperature inside the building during the thermographic work ranged between 16 and 18 °C.
The temperature outside was between 5 and 7 2C. Which means a difference between 10 and 11 °C.

After de thermographic analysis in the different parts of the building we can obtain the following
conclusions:

There are generally no important thermal bridges in the dwellings. The joint between the window and
the wall shows that is correctly sealed. However, the line between the wall and the ceiling is around 1
oC less:

20,0

64 °C

Figure 51 Thermal image of the window

The wall correspond to the kitchen where U-Value measurement has been also taken:
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Figure 52 Thermal image in the kitchen

Another example of it:

Figure 53 Thermal image in wall with window
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There are no significant pipe loses in the heating distribution through the radiators and the hot water

is correctly circulated though the device:
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48,6 °C

Figure 54 Thermal image of a radiator

In the terrace (unheated space) it can be found an small thermal bridge in the corner where the
temperature is 2,7 2C against around 5 2C in the wall or in the ceiling:

Figure 55 Thermal bridge in terrace

58/222
o@dreeam



Figure 56 Pipe inside the wall

In the following photo we can see the facade in good condition:

0,0
-50
-10,0
-15,0

-20,0

Figure 57 Fagade

In the dwelling where the themographic anlaysis has been made there is no presence of moistures.
However, according with the interviews with the tenants, some buildings have problems with it,
probably due to the lack of a ventilation system.

Generally, there is no presence of leaks of energy in the heating or significant differences in the

envelope components. In some dwellings there are problems with moistures.
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6.1.2 U-Value analysis

The detailed information related to the U-values analysis could be found in the methodology

document included in the annexes.
To ensure the accuracy of the measurements the ideal conditions required are:

. Temperature difference (outdoor - indoor) of at least 15 2C
« External surfaces un exposed to solar radiation

A representative batch within each pilot case based on construction features (num. of bedroom,
orientation, m2...) is selected. The equipment for measuring U-values include heat flux meters,

thermistor temperature probes and data-loggers.

For the analysis of the building envelope four components of it have been analysed and obtained the

currently U-value of them.

The results obtained are:

Number Component U-Value obtained
[W/m?K]

1 Wall against exterior air 0,990

2 Wall against exterior air 1,096

3 Double window 2,353

5. Wall against exterior air. This is the wall with windows situated in the kitchen oriented to NE. The

results obtained are:

. Temperature difference: 15,93 eC

» Solar radiation: Not influenced

Date Time U-Value Tw Ti Hr To
[W/m?K] [eC] [eC] [%] [eC]

10.01.2017 10:38:19 0,990 14,97 17,02 54,7 1,10

The high U-Value obtained indicates that apparently there is a low insulation system on the fagade.
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Figure 58 U-Value analysis of the wall

6. Wall against exterior air. This is a wall with windows situated in a room oriented to SE. The results
obtained are:

. Temperature difference:  15.26 2C

- Solar radiation: Not influenced

Date Time U-Value Tw Ti Hr To
[W/m?K] [2C] [2C] [%] [eC]

10.01.2017 11:27:36 1,096 13,89 16,06 54,60 0,80

The similar U-Value obtained compared with the other wall indicates that they have the same
composition.

Figure 59 Data analysis in the software

7. Double window. The U-Value calculated is the total of the system of two windows. The results
obtained are:
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« Temperature difference: 10,6 °C

» Solar radiation: Not influenced

U-Value Tw

[W/m?K] [=C]
10.01.2017 11:08:35 2,353 11,3 15,98 55,3 0,7

Figure 60 U-Value measurement device and probe

62 /222
o@d reeam



6.2 Active components

6.2.1 Heating & DHW production

The heat and the domestic hot water (DHW) is produced by the central heating system. It consists in
a conventional gas boiler per dwelling which can heat water above its initial temperature. This hot
water is used for many activities that include cooking, cleaning, bathing, and space heating.

The gas boiler is located in the kitchen of each dwelling as we can see in the following floor plan:

‘lﬁ
ITTRTTTTI

Figure 61 Boiler location

The boiler installed in the dwellings correspond to the model TURBINOX 22 by SILE which has
maximum power of 23,5 kW:
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Figure 62 Gas boiler

According to the information provided by ATER the boilers are installed in the year 1996, which means,
they are very close to the end of its useful life.

Figure 63 Form of the boiler

To protect the closed circuit of the heating and DHW production system, an expansion vessel is also
necessary. In this case an expansion vessel of 7,5 | is installed:
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Figure 64 Expansion vessel

6.2.2 Terminal units

Aterminal unit is the part of an installation which receives air or water from a centralized system acting
on the conditions of a conditioned area.

The terminal units found in the building are:

- Radiators: Are the elements used in the building to transfer the heat generated by the gas boiler. There
are one radiator per room and the dimensions of it depends on the area to be heated: For example we
can finda 1x0,6 min the living room and 0,3 x 0,6 m in the bathroom.

Figure 65 Electric radiator
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All radiators have a shut-off valve that can interrupt or allow the flow of water flowing through the
radiator.

- Air conditioning: It is a cooling/heating air device for individual room based on a direct expansion system
that also filter, at some extent, the air pollution. Air conditioning is not installed in every flat because it
is a decentralised system under the decision of the tenant.

Figure 66 Air conditioning system

6.2.3 Lighting

Room lighting can be general, punctual, ambient or decorative.
Depending on the lamp:

« Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it.
They have a very low efficiency (5%)

- Halogen:is anincandescent lamp that has a small amount of a halogen such as iodine or bromine added.
They have a lifetime around 1.500 hours of use.

- Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce
visible light. They are more expensive than incandescent but they have more efficiency and life.

« Low consumption: are also fluorescent lamps adapted to the size, shape and stands of conventional
bulbs. They are more expensive but easily to be depreciated with a lifetime between 6.000 and 9.000
hours.

« LED: itis a p—n junction diode, which emits light when activated. LED lamps have a very high efficiency
(around 90%) Despite of its high price, they are the best option at long term.

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally
the most used are:

« Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range
between 40 and 60 W.
« Halogen: There are some bedrooms with halogen lamps

« Fluorescent: This kind of lamp is used for the kitchen and toilets.
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« Low consumption lamp: This kind of lamp is barely used in the building.

The consumption of lighting and appliances will be taken into consideration for the baseline analysis
but not for the next steps due to the difficulty to establish energy savings measurements because of
the variety and number of devices, the behaviour of the user, etc.
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7 Simulation analysis

7.1 Hourly analysis program software
The main goals of this simulation are:

- To help to verify that the measured U-values and gathered building information are able to explain the
current energy consumption.

« Sensitivity analysis of the different parameters, seeking for those parameters that have influence on
energy consumption.

« Feasibility check: This model will be the starting point for the feasibility check to be developed later on.

7.1.1 Introduction

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility
engineers and other professionals involved in the design and analysis of commercial building HVAC
systems.

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For
instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1
(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website,
www.usgbc.org, for more LEED info.

7.1.2 Load calculation

HAP software uses:

« ASHRAE Transfer Function cooling load calculation procedures,
« ASHRAE design heating load calculation procedures, ASHRAE design weather data.

- ASHRAE design solar calculation procedures.

Features:

- Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it
calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people,
electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of
day and time-of-year factors.

- Performs detailed simulation of air system operation to determine cooling coil loads and heating coil
loads and other aspects of system performance 24-hours a day for design days in each of the 12 months.

« Analyses plenum loads.

« Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration.
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« Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat

operation.

On the following figures are displayed some examples of the type of data required in HAP simulation
related to design weather inputs but also the outcomes provided by the HAP tool.

Design Parameters:

Deg.
Dweg.

Summer Design DneBulb
Summer Coincidant Wet-Bulb
Sumimer Deily Range ...
Winter Diesign Dn=Bulb
Winter Design Wet-Bulb
Atmospheric Clearness Mumbsr
Awverage Ground Reflecance .
Seoil Conductivity,.................... L OL3ES W m-ThG
Local Time Zone (GMT +- N hours) | ... =10 howrs
Consider Dandight Savings Time Ne

L=
=Y
SIS EASIsE

Simulation Weather DEE ... e Venice (WIC)
Current Datais ... 1 ASHRAE Handbook
Design Cooling Months ... January to December

Design Day Maximum Solar Heat Gains
(The MSHG values are expressed in Wim*)
Month M NNE NE E ESE SE 55E 5
Januany B2 1 521 521 417, 1 B85 T16,3 TT2.6 TEE,
Februany 67,4 67,4 123.0 hd5, 1 T04.9 TES, 4 TE2.9 T84.5
March B4,2 B4,2 285.5 63,2 T314.4 757,89 721.5 00,2
Ayl 101, 1 205,59 4223 6838 R [ hB5.9 hod 6
May 1130 318.5 481.5 K] 8716 RE&R 8 487 8 4350
June 181.2 355, 1 MiT.5 Gre.7 8453 8470 437.9 3834
Tuly 116,56 7z, FEER FEEE 657 4 ET4,5 475, 1 4757
August 106,68 1594,2 4128 554, 7 B85,9 8470 5769 BIT.T
September 87,3 g7.3 2705 23,9 T04.4 T27.3 il G71.7
October i) [N 226 L] 883,10 T4E,2 82,9 7818
Movember B2 ] ] 95,7 BE12 04,3 53,6 T8T 6
Diecember 48,2 48,2 45,2 380.2 4.9 B649.9 38,7 TH9.8
Month S5V 5w WEW WHW MV NHW HOR Mult
January 74,2 T11.3 hED.3 198.6 521 52, 318.2 1,00
Februany 7873 T74.5 02,3 45,4 1320 67,4 478.0 1,00
March 7209 T51.6 T48,3 ] 2731 54,2 628,23 1,00
April ] B61.6 7141 h92.9 4050 2151 737 1,00
May 4851 5820 686,5 8317 500,65 316,0 T965.5 1,00
June 4330 5459 [zl i3, 1 530.0 1478 Bi1.2 1,00
Juhy 464, 1 ET2.0 G48,8 14,0 457 5 308, 5 TED.B 1,00
August 5732 B38.0 [ 5720 1542 211.6 T26,5 1,00
September 08,2 TH6.9 T8 2 4F5 T 2889 873 02,8 1,00
October T80, 5 T41,2 &7, 3426 1054 [iXi] 458,0 1,00
Mowvembser TEQ, 4 [T RB1.T 9.7 B2 ] 310.6 1,00
Ciecember T35, 1 B6:3,6 53z.4 35,8 48,2 48,2 2480 1,00

MR = User-gefined solar muRiplier Bacior.

Figure 67 Design weather data
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Design Temperature Profiles for July
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Figure 68 Example of December daily temperature

7.1.3 Simulation approach in Treviso

One of the two buildings has been simulated defining each floor as an space made up by 3 dwellings.
Later, the energy simulation of the other building is obtained rotating the first one till have the same
orientation.

According to the dimensions described in the architectural plans provided by ATER (floor area, ceiling
height, walls and windows dimensions,etc.) the spaces have been defined.

HAPAS - [Treviso P52]

Project Edit View Reports Wizards Help

2| @@ )] B (x| o] Gl -

Trewiso P52 Space Floor fuea

® = ajwnl 7

T Weather @l <New default Space>

1} Spaces] & Flowr 14 159
& Systems &0 Floor 18 1857
% gwa_::_s &l Floor 2 2716
vildings & Floor 3 716
S e |[@ron i
& & Floar 5 2718
= Pl & Floot & 2.8
&% Rodls
A windows
@ Doors
‘& Shades
8 chilers |
i Cooling Tower:
W Boiers
%£ Electiic Rates

Ty Fuel Riates

Ready 17/01/2017 | 0350

Figure 69 Space definition
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According to the data obtained during the measures, it has been described only one type of wall for
all the orientations, one for the floor, one for the ceiling and one for the windows. In this first approach
we have estimated the occupancy between 2 and 3 people per dwelling due to the information
gathered of the tenants. For the case of lights and electrical equipment, we also assume 5 W/m? for
lighting and 4 W/m? for electrical equipment, based on the visit.

Ventilation parameters are really significant in residential sector to assess the energy demand (Heating
and Cooling) at the buildings. In Padiham according to the construction type we have estimated an
infiltration of 0,5 ACH (Air Changes per Hour) which means an intermediate level of infiltration.

&)l Space Properties - [Floor 2] @ &) Space Properties - [Floor 2] =
General ] Internals ] Walls, Windows, Doors ] Roafs, Skylights ] \nhllrallun] Floors ] Parllt\uns} General Intemals 1 Wwalls, windows, Doors ] Foofs. Skylights 1 Inliltlalinn] Floors ] Part\linns}
N Overhead Lighting Peaple
e
- ‘Fluur 2 Eisture Type Recessed, unvented  + Qeeupancy ’7‘0— m
Flaar Area - .
B 76 " Wattage 00w =] |Aovlel [Sesedatfes ]
Avg Ceiling Height  [2.8 m Ballest Mulipier 790 Sensible [f7d wWipsson
Buiding weight  [341.8 | Schedue | [Lighting | [etet (352 W/peen
Lont  Med.  Heaw Task Lighting Schedue | [Dooupancy =
04 Ventilation Reguirements "
bt -
Space Usags [<UserDefined> ~| e 0.00 i Miseetlmzmemlom
Schedule = Sensible W
04 Requirement 1 [0,0 ||_f3,zpemn ﬂ o [none) 1]
04 Requiement 2 [0,00 |Lf[ s J Electrical Equipment Schedule | [[nane) -
2 X EX -
‘wattage 4.00 Wi Latent 0 W
Space uzage defaults: ASHRAE Std 62.1-2007 -
Defaults can be chanaed via View/Freferences. Scheduls Lighting - Schedule | |fnone) hd
Cancel | Help | 0K ‘ Cancel ‘ Help |

ﬁﬂ Space Properties - [Floor 2] @

I& &l Space Properties - [Floor 2]

Eenera\] Internals aofs, Skylights Inliltratmn] Flnnrsl Pamlinns] General} \ntsmals] ‘walls, \Windows, Doors | Roofs. Skylights \ F|UU[S] Parllt\uns}
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Gross  window Window for Expozure: 1 [5W]
Lrea 1 2 Door
Exposure nf  Quantity Quantity Quantit ndall ”h
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Ambient at Space Max Temp. [35.0 [35.0 C
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oK | Cancel | Help

Figure 70 Spaces definition
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In the next figures we have the wall and windows defined as well as an example of the type of input

required by the tool:

HAPAS - [Treviso PS2]

Project Edit View Reports

Wizards

B |aem|@m| =) m x| £lo] G -l

Help

| 2|

Treviso P52 wal

T Weather

&) Spaces

[ systems

{59} Plants

B Buidings
|28 Projees Libraries:
G Schedues

L 1]

&% Roofs

H Windaws
Doors

‘K Shades

By Chilers

1] Cooling Tamer
W Boilers

) Electic Rates
B Fuel Rates

@i wal

< n 3

Overall

@} <New default w/all>

Uwva...| Overall'wi

0934 783

Input Flange: 1 to 48 chails)

17/01/2017 0416

‘Wall Properties - [Wall]
- | B

.
=38 [ Window Properties - [80/240]

Wall Assembly Name: [T | Window Details
Outside Surface Color: | Dark. - ahsorptiviy: 0,900 Hame: 80/240
Detailed Input: r
Thickness Density | Specific Ht, F-Value ‘Weight s
Layers: Inside to Dutside pe i kK. ey Lot Height ’lT " widhe 0,60

Inside surface resistance 0,000 0.0 0,00  0.12064 0 Frame Type ‘ B

Brick ~| 250.000 20023 0.92  0.30900 5005 - ’

Insulation ~| oooo o0 0.00 023500 00 Intetnal Shade Type [ -]

Brick _~| 250.000  2002.3 0.92 030900 soof Dverall -V slue 2300 wWinRK

Outside surface resistance 0.000 0.0 0.00 0.04000 0.0

4 - g . 4 Overall Shade Coefficient:  [0.811
Totals 500,000 101 1002
Overall U-Value: 0987w /e K. : i § :
Glazing Glazs Tupe Transmizsivity Fieflectivity Abzorptivity
Outer Glazing -
Glazing #2 -
Glazing #3 -
Gap Tvpe: hd
oK I Cancel Help Ok Cancel Help
e
"8I HAPAS - Treviso pS2] —— ]
Project Edit View Reports Wizards Help

Ble|d|a @] o= B B(x] o] 6 -l

B Zlm 2
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[ Schedules

“wlindow
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Overall U-va.
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Input Fiange: 1 ta 30 chals)
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Figure 71 Wall and windows definition

While defining a space, information about the construction of walls, roofs, windows, doors and

external shading devices is needed, as well as information about the hourly schedules for internal heat

gains. This construction and schedule data can be specified directly from the space input form (via links

to the construction and schedule forms), or alternately can be defined prior to entering space data. In
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this first approach we have define three different schedules: one for the electrical equipment, one for

heating and one for lighting.

S ————ry

[ HAP4S - [Padiham] -
Project Edit View Reports Wizards Help
8| Q|| @I@| e5l=| | x| £|o| G - =ML
[ Schedue Schedue Type I
[0 <New defaul Schedule>
LB Elec. equipment Fractional
Heating Fan & Themostat
D Lighting Fractional
"
chedules
) Walls
% Roofs
FH Windows
Doars
‘X Shades f
h Chilers
i Cooling Tower
Boilers
%4 Electric Rates
“ Fuel Rates
< m ] '»
Ready [13/04/2016_[1221 Y,

N N
@ Im Schedule Properties - [Heating] ﬂ

=
I Schedule Properties - [Heating]
Schedule Tvpe f| Houry Profiles | Assignments |

Schedule Type | Houwly Profiles:| assianments |

Profile: .I 1:Profile One &)

2.Profile Two &

SchodikMams  [Hoaing

Scheduls Type: " Fractional  (People. Lighting. Equipment. Misc.
Sensible, Misc. Latent, Ventilation
Airflows, Service Hot \Water Usage,
Misc. Electric, Misc Fuel]

ZProfile Thiee 8| - 4:Profile Four &

Choose a profile from the: dropdovn list and edit
it by dragaing the bars with the mouse. by using
the amow keys, o by entering data in the text
fields directly. Mavigate between profiles with
the Tab key: navigate within a profile with the
armow keys.

EiProfile Five &| E:Profile Siv &

= Fan/Themostat
" Utiity Rate Time-of-Day

8:Profilz Eight =

F-Piofile Sever &

oK. | Cancel | Help | oK | Cancel Help

Figure 72 Schedule definition

In Treviso we have electric radiators as terminal units (heating system) so the design supply
temperature must be quite close to 65 2C. Heating T-stat Set points is 229C.

N 7 N
[ Air System Properties - [Heating 2] )

Gereral| et System Corponerts  Zone Companents | Gizing Data | Equipment |

Air System Properties - [Heating 2]

General | Vent System Components  Zone Components | Sizing Data | Equipment |

Spacs Assic
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Cooling Source — Fioor 14 Floor 2 7
Floor 18
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Design Supply Temp. E5.0 °C Floor &
Heat Source Hot Water - Flaor & Remove
£4<
s ANERERANEOGE
Fan Cantrel " FanCycled @ FanOn
Ventlation Sizing Method  [Sum of space O aiflaws ~|

0K | Cancel | Hep | 0K | Cancel Help
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- e
Air System Properties - [Heating] =) Air System Properties - [Heating 2] [

General| Vent System Components  Zone Components | Sizing Data | Equipment | General| Venl System Companents  Zone Components | Sizing Diata | Equipment |
v Spaces Thermostat and Zone Data 1 v Spaces - Space Assignment
[V Allzone Tstats setthesame <« [ »| Zone Al of 1 ol e Es - ;1.:"3 1 of 1
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L Unoccupied Cooling is _ @ Available (" Notavailable |
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Figure 73 System definition
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&8 Plant Properties - [Heating&DHW 6]

General

1

[¥ This Plant Supplies Senvice Hot Water

Systems

| Service Hot Water| _ Configuration

| Schedule of Eqpt. |

Distribution

1T

Source Water

~Consumption

Max Rate
Usage Schedule:
Design Temperature:
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-
<

|

60,0 °C

12,2 °C

4

~I~ Stored Hot Water
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Minimum Temperature:

Loss Factor:

[T Pasteurization

-~ Distribution

Period

Pipe Heat Loss Factor:

I” Use Distribution Pump
Input Power
Mechanical Efficiency:

Electrical Efficiency:

™ Pump Cyeling
Delta-T:

WilLis) hd

111

[T Use as Recirculation Pump

:

Duration:
Start at:

Temperature:

F Auto-Size Heater
Heater Capacity

' By Schedule

 When OAT Above:

[T Prioritize Service Hot Water Resupply

I j‘
:

Plant Type:  Hot Water Plant

OK

| cancel Help

Plant Mame

| |Max. Characters: 32

Figure 74 Plant definition

The Domestic Hot Water plant has been simulated taking into account 28 |/person/day, distribution

losses of 10% and a design temperature of 602C.

Tt D B Lo B omE e N e | —— ==
General ms | Senice ot Vister | _Configuraion | Disiibuion | Saurce iater )
| ~ Boiler Descripti Part Load Model
FullLosd
j— p— | | Saporer ama { [Comrtenay =
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Boiler Full Load Data
Boiler Capacity
P Autosize
Gross Output w
Make 4l Equipment he Same e Desion HWST w9 °C
Totai Full Load Capachy [ w
C . Total Hot Water Flow Rate: Uus e bl ]‘
Shared water Source Towl Bvaporatr FlowRate: [ Ls Overall EMiciency [ msw
EL R L Boiler Accessories 000 KW
Tots Water Sourcs Flow Rate: [ Lis
oK Cancel Help
Plant Typa:  Sarvica Hot Water _ oK |_Camel | bee
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£ Plant Properties - [DHW]

— . «
— — et
General | Systems | Senice HotWater| Ci | Schedule of Eqpt. | Y_Source Water
~ Distribution System Fluid Properties
Type Primary Only, Constant Speed - Name l Fresh Water LI
Coil Delta-T at Design 1,1 K Fluid Density 970,7 kg/m*
Pipe Heat Loss Factor 50 % Specific Heat Capacity | 4,19 kJ/(kg-°K)
Pump Performance Units kPa i
Primary Loop
E Mech Elec
R '°;‘Eq""""e“' Flow Rate (P:;:'; Efficiency | Efficiency
L (%) (%)
1 10,0°K 0,0 80,0 94,0
PlantType:  Service Hot Water OK Cancel Help
Type of pump and piping system used

Figure 75 Plant definition

In our simulation the boilers that provide DHW and hot water for heating systems has been defined
with the same features that they have in the real situation.

In the following figures we have the results that comes from the simulation tool. It is shown the
consumption of DHW + heating between floors, due to the different demands:
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« Type floor (floor 2 to floor 5)
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« Upper floor
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Figure 78 Heating and DHW in upper floor

The heating demand in the first floor and in the upper floor is higher than in the others due to the

heating losses produced to heat against the storage room and outside air in the case of first floor and

the ceiling in the case of the upper floor.

dreeam
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Organizing the data provided by the software, we can summarize the energy consumption of the

building in:

» Viale Francia 1:

Energy system _[kWh/year] _[kWh/m2year] |
Heating 130.435 80,0
DHW 21.456 13,2
Lighting 16.208 9,9
Electric equipment 12.968 8,0
TOTAL 181.067 111,1
- Via Borgo Furo 35/A:
Energy system ~ [kWh/year] ~ [kWh/m2year] |
Heating 127.621 78,3
DHW 21.456 13,2
Lighting 16.208 9,9
Electric equipment 12.968 8,0
TOTAL 178.253 109,4
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7.2 Analysis of sensitivity

After the simulation analysis with the HAP tool, the following parameters have been modified to see
how they affect to the result of the consumption:

7.2.1 Room temperature

For the current analysis calculated before, it has been considered a room temperature of 21 2C while
heated. An increment and a decrease of 1 2C on this temperature has been modified and checked the

variation on the heating energy demand.

Heating energy demand [kWh]

160.000
140.000

120.000

100.000

80.000
60.000
40.000
20.000

0

22°C
Room temperature

23°C

The variation in percentage produced is:

Temperature

-1¢eC

Figure 79 Heat energy demand in relation to room temperature

21¢C
+1¢eC

7.2.2 U-Value

Heating energy demand
[kwh]

-10,8 %

130.435

+11,0%

In the following analysis the U-Values used in the simulation are compared with the with the current
values (source:BPIE™) that a new construction in Italy can have:

Wall= 0,5 W/m2K
Floor= 0,4 W/m2K
Roof= 0,4 W/m?2K
Windows= 2 W/m?K
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7.23

Heating energy demand [kWh]

140.000

120.000

100.000

80.000

60.000

40.000

20.000

Simulation

New construction values

Figure 80 Heat energy demand in relation to the U-Value

There is a 33,7 % lower demand for the new construction values.

Infiltration

For the current analysis calculated before, it has been considered an infiltration of 0,5 air change per
hour. An increment or decrease of it modify the heating energy demand:

Heating energy demand [kWh]

180.000
160.000
140.000
120.000
100.000
80.000
60.000
40.000
20.000
0

0,5
Air Changes per Hour (ACH)

Figure 81 Heating energy demand in relation to the infiltration

82 /222



Air Changes per Hour (ACH) Heating energy demand

[KWh]
0,25 -14,8 %
0,5 130.435
1 +28,9 %

A discussion on how to use for this simulation analysis is done in the conclusions section.

7.2.4 Overview

Parameter Heating energy demand Percentage
[kWh]
Temperature -1 2C 116.408 -10,8%
Temperature +1 2C 144.818 +11,0%
Better U-Values 130.435 -33,7%
ACH from 0,5 to 0,25 111.088 -14,8 %
ACH from0,5to 1 168.154 +28,9 %
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8 Summary and conclusions

8.1 Passive Components

8.1.1 Thermographic analysis

From the thermographic analysis we can get the conclusion that generally, there is no presence of
leaks of energy systems or significant differences in the envelope components. However, there is

presence of humidity in some dwellings

The distribution of hot water through the radiators is working properly. The windows show to be
perfectly sealed. Despite of this, there are areas where exist thermal bridges as for example in the joint

between wall and ceiling (Figure 51)

8.1.2 U-Value analysis

The values obtained in the measure for the walls are very similar to the calculated theoretically with

the real composition of it:

Figure 82 Composition of the wall

U-Value [W/m2K]

Wall (mm) Measured Calculated
Brick (250) 0,990 0,98
Polyestiren (15) 1,096

Brick (250)

For the values of the roof and floor, where we do not have information about the composition, the
values used for the simulation come from a database (BPIE¥) in relation to the envelope performance
in the country along the last years. The following photo shows how it can be taken for the case of the
roof:
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Figure 83 U-Values database

To sum up, the values used in the simulation are:

Component U-Value [W/m?K]

Wall
Roof
Floor
Windows

0,99
1,00
1,09
2,34
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8.2 Active Components

8.2.1 Heating & DHW production

The boilers are 20 years old. That means that they are very close to the end of it useful life and a
replacement of it will be necessary in the short term.

The efficiency of a conventional boiler is less than a 80%. The installation of a boiler with a newer
technology will reduce this losses.

8.2.2 Terminal units

In the case of the radiators, the control of the heating depends on the user which can switch on or
switch off it depending on their thermal comfort (not on the room temperature or the outside
temperature). This system is not very efficient from an efficiency point of view.

8.2.3 Lighting

There are installed a significant number of lamps that suppose a waste of energy comparing with the
newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power
in a dwelling increase significantly the power consumption considering the total amount and the
number of hours they are working.

8.3 Simulation analysis
8.3.1 Results obtained

A comparison between the consumption obtained in the simulation and the real consumption cannot
be made due to the lack of information enough to compare the results of every month of the year and
study the shape of the curve described in a diagram.

In spite of it, a ratio of consumption per surface has been made:

« Viale Francia 1:

Energy system [kWh/year] [kWh/m2year]
Heating 130.435 80,2

DHW 21.456 13,2

Lighting 16.208 10,0

Electric equipment 12.968 8,0

TOTAL 181.067 113,3
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« Via Borgo Furo 35/A:

Energy system [kWh/year] [kWh/m2year]
Heating 127.621 78,5

DHW 21.456 13,2

Lighting 16.208 10,0

Electric equipment 12.968 8,0

TOTAL 178.253 109,6

The ratios obtained are very similar to the ones obtained for the first pilot site in Treviso, which have
similar construction properties, period of construction and source of energy (see annex 2).

The different heating demand between the two buildings is produced by it orientation. For the case of
Via Borgo Furo 35/A is less than in the other building because it has more surface of facade oriented
to the south, which has the advantage of higher solar gains.

8.3.2 Analysis of sensitivity

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters.

« Room temperature

An increment or a decrease of 1 2C on the room temperature produces a variation around 11 % in the
heating energy demand. A temperature of 21 - 22 °C during the day ensures a minimum of habitability
conditions.

It can be considered that the temperature vary from one room to another. For example, in the
bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.

To heat the building with a room temperature above 22 2C implies a significant waste of energy.

« U-Value
The variation produced in the energy consumption having better U-Values shows the importance of
having a good insulation system.

In this case, the new consumption is one third less than before.

« Infiltration

Through the analysis of the infiltrations in the building, it can be shown that they have an important
impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is
obvious that when the outside temperature is low, have an income of cold air inside the building
increases the heating energy demand.

A small increment in the value of air changes per hour produces a significant higher heating energy
demand. For example the heating energy demand from 0,5 to 1 air changes per hour is increased a
28,9%.
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9 Pilot Site overview

9.1 General Description

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point
for the renovation DREEAM approach.

This technical baseline will be focus on the gathering of information about:

- Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are

they currently and the features of the windows.
- Active technologies: Identifying every component of the installation of the buildings including electrical
parts, heating systems, storage and lighting among other things.

9.2 Buildings Description

The visit took place in the city of Landskrona (Sweden) in social housing buildings located in

Koppargarden.

Figure 84 Koppargdrden
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The energy production is located only in one of the buildings and supply the others. From the entire
construction, two buildings were examined: the one with the heating production and another one.

Figure 85 Fagade of the building visited

Figure 86 Elevation plan
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9.3 BO requirements and objectives

To carry out the pilot visit, the collaboration of the building owners is required to allow the other
collaborating parts in the visit to gather as much information as possible that can be used after the
visit to make a deep analysis about the current situation of the building. For it, Landskronahem AB has
made available the entry to different flats and technical rooms allowing to make a thermography
analysis, to measure the thermal transmission of the passive components and to analyse the active
components.

The main objective of the building owner about this visit is to have an understanding of the current
situation of their properties. This information must cover the components of the building and the
energy consumption of the social housing. It will be the first step of the renovation process.

9.4 Information needed

To perform the analysis of the building and compare the data obtained from the measurements it is
necessary to have the construction plans which include every information about the typology,
orientation, dimensions, components and details of the building.

Landskronahem AB has provided some information that allow Exeleria to get a deep study of the
building.

This information includes:

« Building spaces Lay-out

- Elevation drawings

- Envelope components detailed description

. Heating & DHW technical drawings (central production systems schemes)

« Energy consumptions of the central heating & DHW systems
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10 On site data gathering

10.1 Pasive components

10.1.1 Thermographic analysis

The detailed information related to the thermographic analysis could be found in the methodology
document included in the annexes.

To carry out the thermographic analysis, a minimum thermal conditions for the difference of
temperature between indoor-outdoor were necessary.

The temperature inside the building during the thermographic work ranged between 17 and 19 °C.
The temperature outside was around 1 2C. Which means a difference between 16-18 °C.

After de thermographic analysis in the different parts of the building we can obtain the following
conclusions:

There are small thermal bridges in the corners of the fagade against the outside air. We can appreciate
a difference of temperature around 3 2C.

239°C

119°C

Figure 87 Thermal bridge in a corner

In the following photo important points with very low temperature between de window and the wall
can be seen. There is a very high difference of temperature between de top of the window (5 2C) and
the wall (17 2C):
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16,9 °C

Figure 88 Window 1

Another example of window, but this time the minimal temperature is lower (3 2C):

17,8°C
=175

Figure 89 Window 2

In the following photo we can see that the water heated is not well distributed along the radiator.

37,7°C

Figure 90 Radiator

There are some parts of the Heating and DHW heat transfer substation (where the exchange with the
district heating network occurs) installation without a insulation system, therefore there are a high
loss of energy.

93 /222
ocgdreeam



54,7 °C

50,0

201°C

Figure 91 Lack of insulation

The facade analysis from the outside shows the point with highest temperature are in the windows
and a homogeneous temperature around -3 2C along the wall.

Figure 92 Facade

Generally, there is no presence of humidity, leaks of energy in the heating system or significant

differences in the envelope components.

10.1.2 U-Value analysis

To ensure the accuracy of the measurements the ideal conditions required are:

. Temperature difference (outdoor - indoor) of at least 15 2C
« External surfaces un exposed to solar radiation

A representative batch within each pilot case based on construction features (num. of bedroom,
orientation, m2...) is selected. The equipment for measuring U-values include heat flux meters,
thermistor temperature probes and data-loggers.
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For the analysis of the building envelope five components of it have been analysed and obtained the

currently U-value of them.

Two information sources has been compared, measured U-values (coming from the field

measurements) and calculates U-values (based on the composition information provided by the BO

and some assumptions about the thickness of some components).

The results obtained are:

Number Component

U-Value obtained U-Value

[W/m3K]

calculated

Wall against exterior air
Wall against exterior air
Wall against exterior air
Wall against exterior air
Roof against exterior air

u b WN R

Following this a detailed description of the measurements:

0,609
0,509
0,928
1,234
0,736

[W/m?K]
0,49
0,59
0,49
0,59
0,40

1. Wall against exterior air. This is the wall located on a balcony oriented to SE. The results obtained

are:

. Temperature difference: 17,3 eC

» Solar radiation: Not influenced

Date Time U-Value Tw
[W/m?K] [eC]

17.02.2016 9:27:55 0,609 16,82

Comparing with the data obtained theoretically:

[mm] Composition

Concrete light (150) 270

Brick (120)

Ti

[oC]
18,20

[mm] Thickness

Hr To
[%] [C]
72,00 0,9

U-Value
[W/m2K]
0,49

Figure 93 U-Value analysis of the roof
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2. Wall against exterior air. This is a wall with windows situated in the kitchen oriented to NE. The

results obtained are:
« Temperature difference: 16,2 °C

» Solar radiation: Not influenced

U-Value Tw

[W/m?K] [=C]
17.02.2016  9:56:13 0,509 16,40 17,47 71,00 13

Comparing with the data obtained theoretically:

[mm] Composition [mm] Thickness U-Value

[W/m?K]
Concrete (150) 320 0,59
Mineral wool (50)
Brick (120)

Figure 94 U-Value analysis of the wall

3. Wall against exterior air. This is the wall situated in a room oriented to NW. The results obtained are:

« Temperature difference: 16,1 °C
» Solar radiation: Not influenced

U-Value Tw

[W/m?K] [oC]
17.02.2016 11:28:45 0,928 15,83 17,77 69,70 1,7
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Figure 95 U-Value analysis of the wall

4. Wall against exterior air. This is the wall of the stair case oriented to NE. The results obtained are:

. Temperature difference: 14 9C

« Solar radiation: Barely influenced

Date Time U-Value Tw Ti Hr To
[W/m?K] [2C] [C]

17.02.2016 10:22:28 1,234 13,60 15,85 66,80 1,9

Figure 96 U-Value analysis of the wall

5. Roof against exterior air. This is the roof situated in the third floor against exterior air. The results
obtained are:

. Temperature difference: 13,3 ¢C
» Solar radiation: Not influenced

U-Value Tw

[W/m?K] [=C]
17.02.2016 17:55:13 0,736 15,71 17,0 60,3 3,7

Comparing with the data obtained theoretically:
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[mm] Composition [mm] Thickness U-Value

[W/m?3K]
Concrete (200) 250 0,4
Glass wool (50)

Figure 97 U-Value analysis of the wall

10.1.3 Windows

The basic features of the windows can be obtained using the application PRISM@VER 2012 which gives
the user the number of layers of glass, their thickness and the length of the cavity between glasses.

Landskronahem AB has provided the information about the windows. Those are 2-glazed with an air

cavity and wood frame.

These features suit with the U-Value provided by Landskronahem of 2,0 W/m?K:

Figure 98 Window and the analysis of it
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10.2 Active Components

10.2.1 Heating & DHW production

For the heating and DHW production in the building a district heating system is used. This is a system
for distributing heat generated in a centralized location for residential and commercial heating
requirements such as space heating and water heating. In Landskrona, the district heating is generated

by a mix of energy sources as biomass and residual heat among others.

A heat exchanger is required to provide in the building the heat from the system. In the pilot site the
exchange is located in the building of the following photo:

Figure 99 Building with heat exchange

In that building 3 heat exchangers are located:

« Two heat exchangers for the DHW

- One heat exchanger for the heating system
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Figure 100 Heating installation

10.2.2 Terminal units

A terminal unit is the part of an installation which receives hot or cool air or water from a centralized
system to provide heat or cool on a conditioned area.

The terminal units found in the building are:

« Radiators: Are the elements used in the building to transfer the heat generated by the district heating
system. There are located one radiator per room and the dimensions of it depends on the area to be
heated: For example we can find a 1,5 x 0,7 m (34 modules) in the living room and 0,5 x 0,7 m(12

modules) in the bathroom.

Figure 101 Examples of radiators in living room and in bathroom

In most of the rooms they are located under the windows or near it when possible.
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All radiators have a thermal valve consisted in an automatic device coupled to a thermostatic valve body
that actuates the shaft opening thereof, which controls the flow of water flowing through the emitter
and therefore its thermal power.

Figure 102 Regulation in a radiator

In some radiators there is a conduct for the ventilation air supply, the system forces the outdoor air to
pass through the radiators with the purpose to heat the air which comes from the outside before it is
introduced in the room and therefore improve the thermal comfort.

Figure 103 Ventilation System
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10.2.3 Lighting

Room lighting can be general, punctual, ambient or decorative.
Depending on the lamp:

« Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it.
They have a very low efficiency (5%)

- Halogen:is anincandescent lamp that has a small amount of a halogen such as iodine or bromine added.
They have a lifetime around 1.500 hours of use.

« Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce
visible light. They are more expensive than incandescent but they have more efficiency and life.

- Low consumption: are also fluorescent lamps adapted to the size, shape and stands of conventional
bulbs. They are more expensive but easily to be depreciated with a lifetime between 6.000 and 9.000
hours.

o LED: itis a p—n junction diode, which emits light when activated. LED lamps have a very high efficiency
(around 90%) Despite of its high price, they are the best option at long term.

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally
the most used are:

- Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range
between 40 and 60 W.

Figure 104 Incandescent lamp

« Fluorescent: This kind of lamp is used for the kitchen and toilets.
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« Low consumption lamp: This kind of lamp is used in many rooms in the building.

Figure 105 Low consumption lamps

The consumption of lighting and appliances will be taken into consideration for the baseline analysis
but not for the next steps due to the difficulty to establish energy savings measurements because of
the variety and number of devices, the behaviour of the user, etc.
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11 Simulation analysis

11.1 Hourly analysis program software

The main goals of this simulation are:

To help to verify that the measured U-values and gathered building information are able to explain the
current energy consumption.

Sensitivity analysis of the different parameters, seeking for those parameters that have influence on
energy consumption.

Feasibility check: This model will be the starting point for the feasibility check to be developed later on.

11.1.1 Introduction

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility
engineers and other professionals involved in the design and analysis of commercial building HVAC
systems.

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For
instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1
(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website,
www.usgbc.org, for more LEED info.

11.1.2 Load calculation

HAP software uses:

ASHRAE Transfer Function cooling load calculation procedures,
ASHRAE design heating load calculation procedures, ASHRAE design weather data.
ASHRAE design solar calculation procedures.
Features:
Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it
calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people,

electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of
day and time-of-year factors.

Performs detailed simulation of air system operation to determine cooling coil loads and heating coil
loads and other aspects of system performance 24-hours a day for design days in each of the 12 months.

Analyses plenum loads.
Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration.

Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat
operation.

On the following figures are displayed some examples of the type of data required in HAP simulation
related to design weather inputs but also the outcomes provided by the HAP tool.
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Design Parameters:

City Name

Locaton |,

Latitede ... Deg.
Longitude Deg.
Elevation

Summer Design Dry-Bulb
Summer Coincident Wet-Bulb
Summer Daiby Rangs .
Winter Design DnyBulb
Winter Design Wet-Bulb
Atmosphernic Cleamess Numbs
Average Ground ReflecEnce
Soil Conductivity.....................
Local Time Zone (GMT +i- N howrs)
Consider Dandight Savings Time
Simulation Weather Dat

=
w
SIsEAsIsE:

LT WU Im-THD)
1.0 howrs

. Stockholm [Bromma) [WVC)

.. 201 ASHRAE Handbook

Design Cooling Manths ..., January to December
Design Day Maximum Solar Heat Gains

(The MSHG values are expressed in Wi )

Month N NNE NE| ENE E ESE SE 55E 5
Jamuany 32.0 32.0 32,0 78,8 2250 4120 n3z.h 8289 2544
Februany 50,3 50,3 i} 2328 4433 hoR.T T07.9 T56,3 0.5
March 69,8 EE 2794 420,5 5SE,D 00,3 750, 1 T56,T TEE,T
April £9.8 196.2 36849.,0 B, 5 [l T16.4 TOB, 7 BT5, 653, 1
May 1255 g 4545 B0 BEG.5 B80,7T B47. 1 553, 3] 81,9
June 167.0 334.3 514.3 619.0 il G705 8150 5523 h20. 1
Juhy 127.8 3028 4719 [ 6,0 BI7.2 334,2 ETB.5 BEZ.2
August 95,4 52,4 54,4 na4. 8 [izr] GE9.0 B84, 2 851,59 8335
September 729 729 2112 .7 ] G54.4 Ti7.9 T27.7 719.0
October 52,5 52,5 52,5 2375 46,9 5732 882,59 7233 738,7
Nowember 32,8 328 32,6 i 23aT 6 3923 had.4 8120 [i=L
December 23,5 23,5 23,5 25,2 48 5 wWrT 43124 52,2 hd5, 8
Month S55W 5w T w WHW NV NNV HOR Mult
Januany 619,3 BdE, T 31542 2452 (] 320 320 130,4 1,00
February 757,59 5939 4430 240,27 64,2 50,3 735, ]
March 7624 TG, 8 RET.0 4259 215.4 iz 475 ]
April B75,9 T16,4 653,59 RBZ.0 81,3 91,2 B17.0 ]
May ho3.4 B89,0 B8T,2 [N 4549 2525 T701,0 ]
June RB2.0 B, 0 6820 827.2 0.6 3478 T28.6 0D
Juhy ETB,T E70,6 672,28 E00,0 4761 01,1 £98,5 1,00
August [ 0,3 039,65 h31.0 3659.5 188.4 811.0 1,00
September T26.8 853,49 ReRg AT9 6 211,56 723 4553 1,00
Oictober T21.5 72,2 414,59 2328 nB.4 n2.5 250.3 1.00
Nowembser 615,56 400, 8 X236 75,1 32,8 32,8 128.9 1,00
December 526,8 310,9 38,6 31, 23,5 215 76,3 1,00

MR = Usar-gefined solar mu Riplier facior.

Figure 106 Design weather data
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Design Temperature Profiles for February
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Figure 107 Example of February temperature

11.1.3 Simulation approach in Landskrona

In Landskrona each floor has been defined as a different space. According to the data provided by the
Building owner, in our simulation we took into account all the building, that are number 11, 13, 15, 17
and 19, because we have real energy consumption data related to all the building.

A Bene (=l ]

HAP48 - [Landskrona]

Project Edit View Reports Wizards Help
e dm|@a o= B slx| 2o 5 -l & 2|
E Landskrona Space Floor &rea
F Weather & <New default Space>
&l Spaces &1 Floor 0 6498
[ Systems &1 Floor 1 6498
9 Plants &1 Floor 2 6498
Bl Buidings (1= pogr 3 6438
=8 F_f[olect Libraries @11 Floor 4 6438
% af;id“'“ & 11 Floor 5 6498
£ Roois &l 11 Floor 6 6433
E Windows 013 Floor 0 5574
Doors & 13 Floor 1 557.4
& Shades &0 13 Floor 2 557.4
i Chilers &0 15 Floor 0 6498
i Cooling Towerd B3 15 Floor 1 6498
B Boilers &0 15 Floor 2 6498
}"ﬁ Electric Rates @ 15 Floor 3 6498
“®» FuelRates || 15 Floor 4 6438
&0 15 Floor 5 6498
& 15 Floor 6 6498
&0 17 Floor 0 567.4
17 Floor 1 56574
&17 Floor 2 557.4
&0 19 Floor 0 557.4
&) 19 Floor 1 557.4
13 Flocr 2
< n »
Ready 14/04/2016 [1258

Figure 108 Spaces definition
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We have defined three different walls composition with different U-values, separating between walls
faces to NE, NW and SE and also four different windows. In this first approach we have estimated the
occupancy in each space, defining 24 people in each floor. According to construction and energy codes
we also assume 5 W/m? for lighting and 6 W/m? for electrical equipment.

Ventilation parameters are really significant in residential sector to assess the energy demand (Heating
and Cooling) at the buildings. In Landskrona according to construction and energy codes we have
estimated an infiltration of 0,50 ACH (Air Changes per Hour) which means a low level of infiltration.

&l Space Properties - [11 Floor 0] @ ) Space Properties - 11 Floor 0] Lé]‘
Gieneral | Intemals | walls, Windows, Daors | Roaofs, Skylights | Infitration | Floors | Partiions| General { | Wals, Windows, Doors | Roofs, Skylghts | Infitvation| Fioors | Partiions|
Overhead Lighting Peaple
Hame N I—
B [11 Floor 0 Eisture Type IHecessed, unvented _j g 24.0 People .:I'
Floor Avea 5498 i Waltags GO0 [wmr 2| |Actidvievd [seatedathest =]
#wg Celing Heght — [2. 7 mn Ballast Muliplier [T.00 Sensible 67.4 ‘w/person
Building W eight kadré
uilding weiat k1T a . J— Schedue Tohing = Latent ﬁg"i_' W/person
o vertisin [ Lot Med  Heay Task Lighting Schedue | [ighting -
entilation Requirements
‘Wattage 0,00 i
Sremallisay |<User-Def\ned> ﬂ W /e ad Mlsc.ellaneous Loads
Schedule [none) v Sensible 0 W
04 Requiement 1 [0.0 |Lﬂ‘s¥person ﬂ
e 2[00 |U - J Electrical Equipment Schedule | |{none) v
equiremen . -
g 2 o fer] Waltage B.00  [wim ] | Letent 0 ¥
Space usage defaults: ASHRAE Std 62.1-2007
Defaults can be chanaed via Yiew/Preferences. Schedule lighting v Schedule | |{none) v
[ Cancel | Help ‘ 0K | Cancel I Help l
o 4
5 -
& Space Properties - [11 Floor 0] &J &ll Space Properties - [11 Floor 6] =
General| Intemals | Walls, Windaws, Doors 1 Roofs, Skylights | Infilration| Floors | Partitions | General| Internals | Wialls, Windaws, Doors | Raofs, Skylights  Infilration I Floars | Partitions |
Wall Construction Types
Gross window “Window far Exposure: 1 [NE)
Auea 1 2 Door
Expossure mt Quantity Quantity Quantit wal | [wal 2 [NE] hd
1[nE -39 1 0 0 Enter infiltration rate in any column;
A X E Window 1 | window 152 = Lis Lésfe ACH
3fse =11 2 2 o Shade 1| [fnone) = Design Cocling ~ [247.57 [0.68 [0.50
Hew  z]%®3 ! L DesignHeating 247,57 [0.68 [0.50
5 ot usen = _Windows 2 | [ywindow 15 2 = e - . :
& [rot oo =] Energy Analysis  [247 57 [0.68 [0.50
ot el Shade 2 |[inane) -
7 [not ueen ~| £
2 |not use-j Door rane] - Infitration occurs: € Only when Fan OFf
e Al Hours
0K | Coed | Hep | oK Cancel Help
5
&0 Space Properties - [11 Floor 0] S|
Eenaral] \ntemals} ‘wialls, Windows, Doors | Roofs, Skylights | Infitration | Floors [ Palt\l\unsl
Partition 1 Partition 2
" Ceiling Partition & Ceiling Partition
& Wall Partition " Wall Partition
Area [30.0 [o.0 i
UVale |2.833 |z.839 WK
Uncondtioned Space Max Temp. [20.0 238 C
Ambient at Space Max Temp. 250 35,0 oL
Uncandttioned Space Min Temp. [10.0 [23.9 T
Ambient at Space Min Temp. [-13.0 [12.8 T
ak | Cancel ‘ Help

Figure 109 Spaces definition

In the next figures we have the different walls and windows defined as well as an example of the type
of input required by the tool.
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S
& HAP4S - [Landskrona 07_11_16] == )
Project Edit View Reports Wizards Help
S T TS =l zlwle| 7
B Landskrona_07_11_18 [ wal | Oversll Uwva | Oversll'wei |
T Weather e <New default Wal
fall Spaces i1 (Red) 0530 4332
Systems 2 [rellow) 0,483 34,1
Bal Plants BV (Green) 0,439 364.1
- B Buidings
E-E Project Libraries
g
Cooling Tower
Boilers
41 Electric Rates
"M Fuel Rates
a4 n »
Input Riange: 1 to 48 charls] 1370172017 | 01:49 A
s N 7 h!
&% Wall Properties - [Wal] =S| [ Window Propertics - Window living room] | R (o]
‘Wl Assembly Name: [T | - Window Detsi
Outside Surface Color: | Dark. A Absorptiviy: 10,900 Name:
Thickness| Density | Speciic i | Fivelue | Weicht Detailed Input r
Leger | U ED mm o kgl kKoK | wPRAWY | kadm Height 150 m width: [3.60  m
Inside suiface resistance 0,000 0.0 000 012064 0 Frame Ty | =
LW concrete block ~| 150,000 608.7 084 039395 . -
MW ~| 50,000 8.0 0.84 103000 04 Intemal Shade Type: [ K|
Face brick _-| 120,000 2002.3 0.92 003005 240, Dverall UV ale 2000 WinEK
Outside suface resistance | 0,000 0.0 000 0.05864 0 Oversl Shads Cosfficiert:  [0.817
Totals | 30,000 | | 161 33
Overall U4/alue 9wl K [jiosebaal
Glazing Gilass Type Transmissivity | Reflectiviy | Absoptiviy
Outer Glazing >
Glazing 42 -
Glazing 43 -
Gap Type: hd
ok | Cancel Help 0K | Cancel | Hep
L S I
HAP48 - [Landskrona_07_11_16] (=[@] = ]
Project Edit View Reports Wizards Help
ol d|wEa] s B =] e & - & zwlE 2
[E8 Landskiona_07_11_16 [ window |_Overall U-va... | Overall Shads Caef.. |
L5 Weather [ <Mew default windows
&l Space: Hwindow 152 2,000 0311
Sistems Hwindow 15 baleony 2,000 0311
&9 Plants [ window fiving room 2000 L
B8 puidings Flwindow room 2000 0811
=B P
Schedules
Cooling Tawer
Bailers
H Electric Rates
'y Fuel Rates
4 1 L3
Input Range: 1 to 48 charls [13/01/2007 [0 53 4

Figure 110 Walls and windows definition
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While defining a space, information about the construction of walls, roofs, windows, doors and

external shading devices is needed, as well as information about the hourly schedules for internal heat

gains. This construction and schedule data can be specified directly from the space input form (via links

to the construction and schedule forms), or alternately can be defined prior to entering space data. In

this first approach we have define three different schedules, once we get data related to real

occupancy and people behaviour from WP4 we will introduce these information in our simulation.

-

~

] HAP4S - [Landskrona_bef nuevos scheduls] =aR=N X
Project Edit View Reports Wizards Help
[ - .
e | en|@| @] 5= B B|x| (o) G| -l
@ Landskrana_bef nuevd | Scheduls Schedule Type
]
%% Weather [T <New default Schedules
LT Heating Fan & Thermostat
Fractional
coupancy Fractional
2B Project Libraries
- [1lF Schedules
Chillers
- Cooling Tower
- Boilers
----- Electric Rates
----- iy Fuel Rates
4| 1 3
Ready 28/03/2M7 | 10:03
" y
[} Schedule Properties - [Heating] (o] [} Schedule Properties - [Heating] =
Soheduls Type | Houry Prafiles . dssanments.| Sehedule Tvns | Houly Profiles | Assignments |
Months 1-Frafile ne: 2Profile Two
JFMAMJIJASOND
Design 11|11 [1][1]1]|1]1]1]|1]1
eI I IR EIEEIEAEAERERE SeheduleName: — |Heaing
Tue NEIEIEREREIERERERERERE] 3:Profile Three 4:Profile Faur
Wed. 11111111 |1|{1[1]|1 Schedule Type: ¢ Fractional  [People, Lighting, E quipment, Misc,
Sensible, Misc. Latent, Ventilation
The 111 [1 1] ]| ] Birflow, Servioe: ok water Llsage,
fi. 1| a0 | sreierve  EReile S Miss. Eleclic, Miso Fuel)
- 1 anK T T T 1 m""l"”’l""m"’ m]]'”’l"”’l"mm -
Sun A I T £ Uity Fiate Time-cf-Day
CEE N ERERER EREYEY R RN KR RN —

Use the mouse o the anow keys to select a
block of cells and press a number key or click
a profile Lo assign it to those days/months

=
=

8 Profile Eight

[iT3 Cancel | Hep [iT3 Carcel Help

Figure 111 Schedule definition

In Landskrona we have radiators as terminal units (Heating system) so the design supply temperature
must be quite close to 55 2C. Heating T-stat Set points is 22°C.
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r N N
E Air System Properties - [Heating]. - e - g Air System Properties - [Heating] DS - u
General | Vent Syster Components] Zone Components| Sizing Data | Equipment | General| Went System Componznts | Sizing Data | Equipment |
7 Spaces ~ Space Azsighment
Air Spstem Name ting] ™ Memess Zone 1 of§
. Spaces Zane 1 j
Equipmert Type Terminal Urits - (=1 Bl =P
I _I v Temminal Units SR Hei)
A Sl T " 11 Floor 0 - 13Floor 0 1
i System Type [2Fipe Fan Coil =] 11 Floor 1 z 13Fkar 1 1
11 Floor 2 13 Floor 2 1
Mumber of Zanes 5 11 Floor 3 L Add
| 11 Floor 4 qA|
Wentilation % Direct Yentilation H E:”D[g
 Common Ventiation System 13 Floar D Licpoi
13 Floor 1
13 Floor 2
15Floor 0
15 Floor 1
15 Floor 2 a2
Ok I Cancel Help | Ok Cancel Help
"
[ - - - P )
Air System Properties - [Heating] - o Air System Properties - [Heating] - Ex

General] ter Syslem Components  Zane Companents | Sizing Dala | Equipment | General | Vent System Components  Zone Camponents | Siging Data | Equipment |

v Spaces - Themostat and Zone Data v Spaces ~ Common Terminal Unit D ata
v f\_Thelmostalé [¥ All zore Tstats set the same 4 v| Zone Al of § 7 Themostats I~ Cooiing Coil
[v Comman Data Zone Name l Zanes = v oo bad Design Supply Temp. (s
I Teminal Units Cooling T-stat Setpoints oce.[z4n0 T umece.[z57 °C v Teminal Units Coil Bypass Factor
. " N N Cocling Source
Heating T-stat Setpoints oce.[zz0 T unocc.[133 °C
R el tlmlalmliTiTal:Tolnla
T-stat Throlting Range ) K
—Jw Heating Coil

Diiversity Factor 100 % Design Supply Temp. 15540 °C
Direct Exhaust Aiiow o s Heat Souree Hot 'w/ater ~|
Direct Exhaust Fan Kis' 0.0 K Schedule el flmlalmli[ilals[ofnd

\——Shared Data
Thermostat Schedule Heating - Ean Cantral " FanCycled & FanOn
Urocoupied Codling is & Avalsble € Not avalable Wenfilation Sizing Method [ 5um of space 04 sirflows |
0k | Cameed | Heb || | 0K | Carcel | Hep |
(s L a
Figure 112 System definition
HAPAS - [Landskrona) . 4 B e . -

Project Edit View Reports Wizards Help

Bl|lm @@ = B\ olx| o] & - 2|wlm| 7]
E Landskiona Plant | Flant Type | Sizing Statuz | Simulation 5. |
'f"“ Weather @d&law default Plat:

ﬂﬁ Spaces @ District Heating Haot 'Water Plant Sized Simulated
Systems

=
- Buildings
=B ject Libraries
Schedules
il walls
Floofs
- windows
[ Doors

‘& Shades

- i Chilers

i Cooling Tower:

| B Eoilers
[ & Electic Rates
| -7ty Fuel Rates
|
|
I
] il *
Ready [14/04/2006 | 01:49 A
w = = ]
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~
5 Plant Properties - [District Heating] . a Be e - g
General | systems | or| _ Configuration | Schedule of Eqpt. | Distribuion | Source Water

[ This Plant Supplies Service Hot Water

~Consumption
Max Rate

Usage Schedule

26 IuDersonfday -

~I~ Stored Hot Water
Storage Tank Volume

Minimum Temperature:

Input Power.

Design Temperature 60,0 °C Loss Factor:
I Average Cold Water Supply: 9,0 °C R
l Period:
‘ - Distribution
Duration:
I Pipe Heat Loss Factor: o
Start at:
[~ Use Distribution Pump FemmrETE

¥ Auto-Size Heater

Mechanical Efficiency: %
Heater Capacity: kW
Electrical Efficiency: %
™ Use as Recirculation Pump " Prioritize Service Hot Water Resupply
% By Schedule: I
I” Pump Gycling i hd
DeltaT l— % © When OAT Above: | T
Plant Type: Hot Water Plant OK | Cancel Help

|
/| Plant Name

| Max. Characters: 32

Figure 113 Plant definition

The Domestic Hot Water plant has been simulated taking into account 26 |/person/day, distribution

losses of 5% and a design temperature of 602C.

i oot ol A Besw i

General | Systems | Senice HolWater]  Gonfiguration | |scn ofEgpti]  Distribuion | 5

1{ | Boiler Descript

T T

Hot Water
Flow Rate.

Evaporstor
Flow Rate

[ e |

[
sato

- 1K

Name

Natural Gas ~
Hot Water ~

Fuel or Energy Type

Boiler Type

- Boiler Full Load D:

Boiler Capacity
¥ Auto-size
Gross Output W
| Summary
‘Make Al Equipment the Same Design HWST 822 °C
Total Full Load Capacity W
Shared Equipment e [ Hot Water Flow Rate iR -
Co s Total Evaporator Flaw Rate us Overall Efficiency [ wau
[none> -
EstmtedioimumLoas [ g%
" e Co|C5 Boiler Accessories 0,00 KW
Total Water Source FlowRate: [ L
Flant Type:  Hot Water Plant oK Cancel Help
Prari fiame M Gharacirs 32 | |[Batter iame

Part Load
[ [User Defined Curve - Efficiency = (PLR) | ‘
Part Load Performance
% Loaa Ef ciency (%)
1000 00,0
0.0 80,0
800 80,0
70,0 800
60,0 800
500 80,0
400 80,0
300 50,0
200 80,0
10,0 80,0
00 50,0
oKk | cancal | Help
[Max Characters: 35
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3 Plant Properties - [District Heating] [

General T Systems T Senvice Hot Water Configuration Schedule of Eqpt. Distribution

Source Water

Distribution System Fluid Properties
LT = imany Only. Constant Speed - Name | Fresh water =
Coil Delta-T at Design 1,1 K Fluid Density 970,7 kaim®
Pipe Heat Loss Factor 50 % SpecificHeat Capacity | 449 kJ/ (kg - °K)
Pump Performance Units kPa =
Frimary Loop
Wech Elec
R '”qu“"’"‘”' Flow Rate ?:;.“’ Efficiency | Efficiency
)
(%) (%)
1 11K 0,0 80,0 84,0
|
PlantType:  Hot Water Plant OK Cancel Help

Type of pump and piping system used

Figure 114 Plant definition

In the simulation one system of district heating provides DHW and water for heating in the five
buildings.

In the following figure we have the results that comes from the simulation tool. It shows the sum of
heating and DHW consumption.

Monthly Simulation Results for District Heating
Landskrona_ 032872017
Exeleria 10:08
Plant Simulation Results (Table 1):

Service HW Heating Coil SHW Piping| Plant Heating Boiler Input - Boiler Misc.
Load Load Losszes Load| Boiler Quiput Gas Electric
Maonth [KWh) (kWh) (kW) [KNh) (kWh) (KWWh) [kWh)
January 17765 214802 845 244300 244300 305375 0
February 16046 152470 754 1765942 176942 21MTT 0
March 17785 133731 245 158091 159091 1988584 0
April 17182 54341 219 75634 75634 04541 0
May 17765 115 845 18774 18774 23453 0
June 17182 3 819 18058 18058 22573 0
July 17765 0 845 18653 18653 237 0
August 17785 0 245 18653 18653 2337 0
September 17182 6503 219 24539 24539 3237 0
October 17765 76204 245 G8762 88762 123452 0
Hovember 17182 144410 219 169682 169682 212102 0
December 1TTES 196705 245 225289 225289 281611 0
Total 209163 950191 9960 1243827 1243327 1561034 0
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Monthly Simulation Results for District Heating

Landskrona
Exeleria
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Figure 115 DHW simulation results

The following photo shows the electric consumption in the building for the lighting and the electric

equipment:

Electric

Equipment

(Kh]

24545
22T

24545
23754
24545
23754
24545
24545
23754
24545
23754
24545

289002

Liahting
{kVWh]
20454

18475

204534

19795

20454

19795

204534

20454

159795

204534

19795
20454

240835

11.1.4 Overview

[MWh/year] [kWh/m2year]

Energy system

72,9

1.029,2

Heating
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DHW

Lighting

Electric equipment
TOTAL

219,6
240,8
289,0
1.778,6
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11.2 Analysis of sensitivity

After the simulation analysis with the HAP tool, the following parameters have been modified to see

how they affect to the result of the consumption:

11.2.1 Room temperature

For the current analysis calculated before, it has been considered a room temperature of 22 2C while
heated. An increment and a decrease of 1 2C on this temperature has been modified and checked the

variation on the energy demand.

1.150

1.100

1.050

1.000

950

900 -

Heating energy demand [MWh]

850 -
21°C 22°C 23°C

Room temperature

Figure 116 Energy demand in relation to room temperature

The variation in percentage produced is:

Temperature Heating energy demand
[MWAh]

-1°C -8,0 %

22 9C 1.029

+1°¢ +8,3 %

11.2.2 U-Value

In the following analysis the U-Values measured are compared with the current values (source:BPIE™)

that a new construction in Sweden can have:

« Wall=0,18 W/m2K
Floor= 0,18 W/m3K
« Roof=0,19 W/m2K
« Windows= 1,2 W/m?3K
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Simulation values New construction values
Figure 117 Energy demand in relation to the U-Value
U-Value Heating energy demand
[MWh]
Measured 1.430
New constuction 957
Difference -33%

11.2.3 Infiltration

For the current analysis calculated before, it has been considered an infiltration of 0,55 air changes
per hour. An increment or decrease of it modify the heating energy demand:

—
=

S

-]

M

Energy deman

2.000
1.800
1.600
1.400
1.200
1.000
800
600
400
200
0

0,25 0,5 1

Air Changes per Hour (ACH)

Figure 118 Energy demand in relation to the infiltration
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Air Changes per Hour (ACH) Heating energy demand

[MWh]
0,25 -30,4 %
0,50 1.029
1 +66,8 %

A discussion on how to use for this simulation analysis is done in the conclusions section.

11.2.4 Overview

Energy system [MWh/year]

Heating 1.029,2
DHW 219,6
Lighting 240,8
Electric equipment 289,0
TOTAL 1.248,8
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12 Summary and conclusions

12.1 Passive Components

12.1.1 Thermographic analysis

From the thermographic analysis we can get the conclusion that generally, there is no presence of
humidity, leaks of energy systems or significant differences in the envelope components. Despite of
this, there are important areas to take into consideration where exist thermal bridges as for example
the upper side of the windows (Figures 88 and 89) maybe due to a problem in the rubber seals.

Concerning to the distribution of hot water in the radiators (Figure 90) that must be located along
them in the same proportion in every radiator.

The thermographic analysis done in the technical room (Figure 91) shows that there are heat loses in
the part of the installation where there are no insulation system.

12.1.2 U-Value analysis

Generally, the values obtained are not high (under 1,0 W/m?2K) except for the wall oriented to the NW
which have a higher U-Value compared with the other walls of the building.

The values obtained during the measure are very similar in some cases to the values calculated with
the composition provided by Landskronahem AB (considering the insulation thickness taken in the

cases where they have not been provided).

12.1.3 Windows

The windows demonstrate a very good isolation. The calculated U-Value provided of 2,0 W/m?2K
matches with the features of the windows .

Regarding to the thermal bridges analysed before, the joint between windows and wall must be
supervised.

12.2 Active Components

12.2.1 Heating & DHW production

In spite of the district heating is a modern system, as seen in the thermographic analysis, there are
many points of the installation without insulation that it must be applied.

12.2.2 Terminal units

In the case of the radiators, the control of the heating depends on the user which can do that regulating
the thermostatic valve depending on their thermal comfort (not on the room temperature or the
outside temperature). This system can be only efficient when the user is taught from an efficiency
point of view, but in practice they are normally used in an ON/OFF position.
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It must be also checked if the water heated is well distributed along all the radiators according to the
thermographic analysis.

12.2.3 Lighting

There are installed a significant number of lamps that suppose a waste of energy comparing with the
newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power
in a dwelling increase significantly the power consumption considering the total amount and the
number of hours they are working.
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12.3

Simulation analysis

12.3.1 Results obtained

In the following figure are compared the simulation result with the real consumption obtained during
the last three years from the district heating supplier. The consumption in MWh describes a curve
descending from winter to summer, having linear shape in summer (DHW consumption) and ascending
again in winter (heating period):

e 7013 e 2014 w2015 e Simulation
300

A A

RSN /
N

) NN

Figure 119 Real consumption and simulation

January 267,57 268,30 239,38 244,30
February 249,73 196,76 216,59 176,94
March 273,05 178,07 171,40 159,09
April 166,77 117,67 130,04 75,63
May 57,41 69,95 110,64 18,77
June 28,57 21,65 95,65 18,06
July 33,09 22,09 85,95 18,65
August 17,14 19,11 41,63 18,65
September 50,00 43,55 56,52 24,99
October 97,68 91,94 129,43 98,76
November 184,68 175,08 141,87 169,68
December 214,32 229,61 183,52 225,29
TOTAL 1.640,01 1.433,78 1.602,62 1.248,83

The tendency of the curve is the same every year, but it has some outliers, as for example in March
2013 we can appreciate a higher consumption that can mean, this month was colder than usually or it
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happened a problem in the installation. Landskronahem AB warned also about the consumption

during 2015 is not reliable due to a problem in the installation, as we can see there is an extremely

high consumption in summer. Therefore, a consumption average has been done avoiding those

variations:

= Simulation Average
300,00
250,00 \\
150,00 \\ /
100,00 \\ /
50,00 \ : ; 7
0,00 T T T T T T T T T T T
S S T T W 2 W - SO S
&S @,2;& L F ¥ @& ééo N é(;o
Ny Q?\/o ke (_,Q,Q [e) éo‘\z 000

Figure 120 Simulated and average consumption

January
February
March
April

May

June

July
August
September
October
November
December
TOTAL

258,42
206,68
174,74
117,67
63,68
25,11
27,59
18,13
46,77
106,35
167,21
209,15
1.421,49
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The simulation result matches quite good with the average consumption. The total average
consumption and the simulated are very similar, differing by around 10% and the shape of the curve
matches pretty well stating that the assumptions taken in the monetization are reasonable:

Simulation 1.249
Average 1.421
Difference 12 %
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12.3.2 Analysis of sensitivity

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters.

« Room temperature

An increment or a decrease of 1 2C on the room temperature produces a variation around 8 % in the
heating energy demand. A temperature of 21 - 22 2C during the day ensures a minimum of habitability
conditions.

It can be considered that the temperature vary from one room to another. For example, in the
bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.

To heat the building with a room temperature above 22 2C implies a significant waste of energy.

. U-Value

Instead of the good values obtained during the measure in Landskrona, those values are high if we
compare them with the current values for new constructions. After the analysis of the building with a
better values it is shown the importance of having a good insulation system.

The energy demand obtained with those values is around 33 % less than the one calculated with the
U-Values measured.

« Infiltration

Through the analysis of the infiltrations in the building it can be shown that they have a very important
impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is
obvious that when the outside temperature is low, have an income of cold air inside the building
increases the heating energy demand.

As we can see in the figure of infiltrations, a small increment in in the value of air changes per hour
produces a significant higher heating energy demand. For example the heating energy demand from
0,50 to 1 air changes per hour is increased a 66%.
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13 Annexes

A S

Methodology used
Damp report (Padiham)
Electricity bills (Padiham)
ECP (Padiham)

Treviso 1° Pilot site Baseline description
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13.1 Methodology used
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scaling energy renovation

Methodology used

D2.1 Baseline description

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement no 680511. This document does not represent the opinion of the
European Union, and the European Union is not responsible for any use that might be made of its content.
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1 Thermographic analysis

1.1 General description

Thermal imaging technology has become one of the tools most valuable diagnostics for predictive
maintenance. It detects anomalies which are invisible with the naked eye and allows to make
corrections before a costly system failures can happen.

Thermal imaging cameras are a unique tool to identify when and where maintenance is needed. It is
a reliable instrument capable to analyse and visualize the distribution of the surface temperature in a
system quickly and with accuracy.

Many industries worldwide have discovered the benefits of the use of thermal imaging technology in
their predictive maintenance programs. Some of it applications are:

« Electrical systems

« Mechanic systems
« Piping

« Envelope

« Petrochemical plants

« Others

1.2 Thermal imaging in the building industry

Thermal imaging technology has become one of the most valuable diagnostic tools for building
inspections. With a thermal imaging camera can be early identified problems that can be
documented and corrected before they become serious and result more expensive to repair.

A thermal inspection in a building can help to:

« Visualize energy losses

« Detect a lack of insulation or a defect on it

« Locate air leaks

« Find humid in the construction

« Locate thermal bridges

« Detect water leaks in flat roof and brakes in hot water pipes

« Find faults in electrical wiring and central heating
1.3 How it works

A thermal imaging camera records the intensity of radiation in the infrared area of the
electromagnetic spectrum and converts it into a visible image.

5/29
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The infrared area is located between the visible light and microwaves in the electromagnetic
spectrum. The main source of infrared radiation is heat or thermal radiation. Any object with a
temperature above absolute zero (-273.15 ° C or 0 Kelvin) emits radiation in the infrared region. Even
the coldest objects we can imagine, as ice cubes, emit infrared rays.

10 maters 0 10* 10 10 0

1 narometer 1000 narorneter 1 milimeter 1 meter 1 kiometer

X-rays Microwaves Broadcast
band

Gamma Ultraviolet Infrared Radar
rays (uv) (IR)

ENANG T

Short Wavelenghts Long Wavelengths

Visible Light

Ultraviolet
(uv)

400 nanometers 500 nanometers 600 nanometors 700 nanometers

Figure 1 Infrared area

The infrared energy (A) which irradiates an object is focused by the optical system (B) onto an
infrared detector (C). The detector sends the data to an electronic sensor (D) to process the image.
This sensor converts the data into a image (E) compatible with the viewfinder and can be also seen in
ascreen.

Figure 2 Infrared camera
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1.4 Temperature conditions

The room temperature can have a big influence on the thermographic analysis. A high temperature
can hide hot spots by heating the entire object, while a low temperatures could cool the hot spots to
atemperature below a certain threshold determined previously.

Obviously, direct sunlight can also have a big influence, however, direct sunlight and shadows can
influence the heat pattern even several hours after that finished exposure to sunlight. These patterns
caused by sunlight should not be confused with patterns generated by heat transfer.

A weather factor that should be considered is the wind. Air flows cool the material surface, reducing
the temperature differences between hot and cold areas.

Another factor that can render useless analysis by thermography is the rain, which cools the surface
material. Even just after rain, water evaporation cools the material surface. Therefore, this can cause
thermal patterns incorrectly.

1.5 Steps in a thermographic analysis

Following, the necessary steps to carry out a thermographic analysis:

= Selection and identification of the systems to be studied.

« Preparation and equipment connection, verifying a proper adjustment between camera connections,
supply loading system and recording thermal imaging system.

« ldentification of operational parameters: Very important to know the operational characteristics of
the equipment to be inspected in values of temperature and operating pressure as well as internal
equipment design features. This will result in a clear and accurate assessment of the results obtained
during the inspection.

« Calibration of the equipment.

« Application of the test: Refers to the commencement of the inspection, it must be swept across the
surface team to inspect emphasizing the lower areas or critical equipment.

« Analysis of the results.

« Issue the report: all the results obtained, identifying clearly what the damage and problems identified
clearly to the location of the same and recommendations warranting the case, must also be
demarcated in a colour photograph the extent of damage.

1.6 Equipment

The equipment used for the analysis is:

« Thermal camera from Testo: 870-1

« Thermometer
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« Computer

« Software: Testo IRSoft

Figure 3 Thermal imaging camera Testo 720-1
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Figure 4 Software used for the analysis
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2 U-Value analysis

2.1 General Description

The U-factor or U-value, is the overall heat transfer coefficient that describes how well a building
element conducts. The elements are commonly assemblies of many layers of components such as
those that make up walls, floors, roofs etc. It is expressed in watts per meter squared kelvin
(W/m2K). This means that the higher the U value the worse the thermal performance of the building
envelope. A low U-value usually indicates high levels of insulation.

In order to obtain the U-value of a wall it is necessary to measure the heat flow, internal
temperature and external temperature continuously over a sufficiently period of time. In heat flux
meters were used to measure heat flow and thermistors were used to record internal and external
temperatures. U-values were determined by comparing the heat flow through the element with the
temperature difference across it.

L) =6 o T
[

Figure 5 Factors involved in U-Value calculation
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Figure 6 Heat transfer in a wall
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The approach taken made use of ISO 9869, a standard which gives guidance on measuring U-values

using small heat flux meters.

2.2 How to measure

To perform the measurement correctly it is necessary follow the following steps:

1. Connect the probe transmittance and launch the probe by radio, then start the measuring

instrument.

When the probe to calculate the U-value is connected, the measurement channels to the U-value
(unit: W/m2K), Tw (surface temperature) and Ti (internal temperature) is automatically activated.
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Figure 7 Device and outside probe

2. Paste three thermocouples temperature probe for calculation U-value with the help of modelling
clay to the inner wall approximately 10 cm between them in a triangular shape.

Figure 8 Thermocouples

3. During the measurement, place the instrument in a place away from sources cold or heat (not placed
under the window and hold hand), at a distance from the wall at least 30 cm, and as far as possible
to the same height as the three thermocouples temperature probe.

4. Putthe probe on the outside.
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Figure 9 Equipment

2.3 Equipment

The equipment for measuring U-values include heat flux meters, thermistor temperature probes and
data-loggers.

The equipment used for the analysis is:

« Multifunction meter from Testo: 435 -2
= Diverse accessories for the meter

« Computer

« Software: Testo Confort software
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3 Hourly Analysis Program software

3.1

Introduction

HAP (Hourly Analysis Program) is designed for consulting engineers, design/build contractors, HVAC
contractors, facility engineers and other professionals involved in the design and analysis of
commercial building HVAC systems.

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For
instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1
(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website,
www.usgbc.org, for more LEED info.

HAP uses a graphical user interface to provide a quick and efficient access to project data. A modular
approach is used to define components of the building and the HVAC systems. This provides
maximum flexibility for configuring data to suit a wide range of applications.

It is necessary to introduce the following components to make more understandable how the tool
develop the simulations.

An Element is a component of the building structure or building use associated with heat gain or
loss. Elements include walls, windows, doors, roofs, skylights, floors, partitions, lighting, people,
electric equipment, miscellaneous heat sources and infiltration. An element is described by its
characteristics which affect the heat transfer. A wall, for example, is described by its area,
orientation, and the materials from which it is constructed.

A Space is a region of the building comprised of one or more heat flow elements and served by one
or more air distribution terminals. Usually a space represents a single room. However, the definition
of a space is flexible. For some applications, it is more efficient for a space to represent a group of
rooms or even an entire building.

A Zone is a group of one or more spaces having a single thermostatic control. In some systems, each
room contains a thermostat. Thus, each zone would contain one space representing a single room. In
other situations, one thermostat is allocated to a group of rooms. In this case, the zone would
contain several spaces.

An Air System is the equipment and controls used to provide cooling and heating to a region of a
building. An air system serves one or more zones. The presence of a thermostat in each zone permits
a specific control of the air temperature in each zone. Examples of systems include central station air
handlers, packaged rooftop units, packaged vertical units, split systems, packaged DX fan coils,
hydronic fan coils and water source heat pumps. In all cases, the air system also includes associated
a ductwork, supply terminals and controls. For energy analysis applications, the system also includes
DX cooling, electric resistance heating and combustion heating apparatus.
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5. A Plant is the equipment and controls used to provide cooling or heating to coil in one or more air
systems. Examples include chiller plants, hot water plants and steam boiler plants.

6. A Building is the structure containing all the HVAC systems under consideration. When performing
energy analysis studies, annual energy costs are computed for the building and all the energy
consuming systems it contains. Taken literally, a building represents one individual structure.
However, the definition of a building is flexible. It can also represent a group of structures. For
example, a "building" could represent a campus in which all the structures are served by a common
set of plant equipment.

3.2 Load calculation

HAP software uses ASHRAE Transfer Function cooling load calculation procedures, ASHRAE design
heating load calculation procedures, ASHRAE design weather data and ASHRAE design solar
calculation procedures.

« Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it
calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights,
people, electrical equipment, non-electrical equipment, infiltration, floors and partitions considering
time of day and time-of-year factors.

« Performs detailed simulation of air system operation to determine cooling coil loads and heating coil
loads and other aspects of system performance 24-hours a day for design days in each of the 12
months.

« Analyses plenum loads.
« Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration.

« Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat
operation.

3.3 Simulation approach

HAP uses a system-based approach to design calculations, which tailors sizing procedures and
reports to the specific type of system being designed. This offers productivity advantages over simple
"load calculation" programs which require the engineer to apply calculation results to size system
components.

Features are suitable for sizing systems involving central station air handlers, packaged rooftop units,
self-contained units, split systems, DX fan coils, hydronic fan coils and water source heat pumps.

The program provides features for quickly designing fan coil, WSHP, GSHP and VRF systems in batch
runs.

Sizing data is provided for central cooling and heating coils, preheat and precool coils, fans,
humidifiers, terminal reheat coils, CAV and VAV air terminals, fan powered mixing boxes, perimeter
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baseboard units, fan coils and terminal heat pumps plus chillers and boilers. HAP calculates required
space, zone and system airflow rates. Calculations are tailored to the specific system type.

Airflow sizing calculations can be based on design values of supply temperature, CFM or CFM/sqft.
Calculations also consider minimum flow specifications in CFM, CFM/sqft, CFM/person which are
important for maintaining adequate ventilation and indoor air quality. Space minimum ventilation
airflow requirements can be set based on ASHRAE®2 Standard 62-2001 and 62.1-2004/2007/2010, or
user-defined values.
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Figure 12 Spaces definition

System minimum ventilation airflow requirements can be calculated using the ASHRAE Standard 62-
2001, 62.1-2004/2007/2010 calculation procedures, or can be calculated as a simple sum of space
ventilation requirements.

The ASHRAE Transfer Function Method is used to calculate building heat flow. Key sizing reports
summarize data needed for equipment selection in 2 simple pages. Additional reports provide
component loads, hourly load profiles, detailed hourly performance data and psychometric charts.

The program is suitable for new construction and retrofit applications.

Air System Sizing Summary: Sizing data for central cooling and heating coils, supply and return fans.

Zone Sizing Summary: Peak loads and airflow rates for all spaces and zones served by the system.
Also lists sizing data for zone reheat coils, mixing box fans and supplemental heaters. For DX fan
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coils, WSHPs and hydronic fan coils this report lists detailed airflow and coil sizing data for all fan coil
or WSHP units.

Ventilation Sizing Summary: Documents how minimum ventilation airflow rates are calculated.
Report has different content depending on whether ASHRAE Std 62-2001/2004/2007 or Sum of
Outdoor Airflows was chosen as the calculation method.

Design Load Summaries: Three separate reports providing itemized lists of component loads for
systems, zones and spaces respectively. Reports can be generated for any hour of any design day
during the year.

Hourly Load Profiles: Two separate reports providing 24-hour profiles of loads and performance,
available in both tabular and graphical formats. The system report lists system airflow rates and coil
loads. The zone report lists zone loads, airflow rates, air temperatures and relative humidity. The
reports can be generated for any design day during the year.

System Psychometrics: Tabular version of the report provides information about airflow rates,
temperatures, humidities and heat flows for each point within the system. Useful for understanding
and troubleshooting system operation. Graphical version of the report plots state points on a
psychometric chart. Can be generated for any hour of any design day.

Plant Sizing Summaries: Separate reports provide sizing information for chilled water, hot water and
steam plants serving one or more air systems.

Chiller Load Profiles: Lists 24-hour profiles of loads for a chiller plant serving one or more air
systems. Can be generated for any design day and can be graphed.

This topic briefly describes how to use the HAP to estimate annual energy use and energy cost for
HVAC designs in the detailed design phase of a project. First of all it is necessary to define the scope
and objectives of the energy analysis. For example, what type of building is involved? What type of
systems and equipment are required? What alternate designs or energy conservation measures are
being compared in the analysis?

Enter Weather Data. Weather data defines the temperature, humidity and solar radiation conditions
the building encounters during the course of a year. These conditions play an important role in
influencing loads and system operation throughout the year. Both design and simulation weather
data are needed. To define design weather data, a city can be chosen from the program's weather
database, or weather parameters can be directly entered.

Simulation weather is selected by loading a simulation weather file from the library provided with
the program or by importing data from an external source. This step is also used to define the
calendar for your simulation year. All three types of data are entered using the weather data.
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Figure 13 Design weather data
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Figure 14 Example of daily temperature in July

Enter Space Data. A space is a region of the building comprised of one or more heat flow elements
and served by one or more air distribution terminals. Usually a space represents a single room.
However, the definition of a space is flexible. For some applications, it is more efficient for a space to
represent a group of rooms or even an entire building. In Treviso each floor has been defined as a
different space made up of two apartments.
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Figure 15 Spaces definition

To define a space, all elements which affect heat flow in the space must be described. Elements
include walls, windows, doors, roofs, skylights, floors, occupants, lighting, electrical equipment,
miscellaneous heat sources, infiltration, and partitions. Space data is entered using the space input
form. In Treviso we have define 3 different walls composition for the simulation; separating between
wall faces to NE, SW and walls below windows and also three different windows.
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Figure 16 Walls and windows definition
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While defining a space, information about the construction of walls, roofs, windows, doors and
external shading devices is needed, as well as information about the hourly schedules for internal

heat gains. This construction and schedule data can be specified directly from the space input form
(via links to the construction and schedule forms), or alternately can be defined prior to entering

space data.
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Figure 17 Schedule definition

Space information is stored in the project database and is later linked to zones in an air system.

Enter Air System Data. An air system is the equipment and controls used to provide cooling and

heating to a region of a building. An air system serves one or more zones. Zones are groups of spaces
having a single thermostatic control. Examples of systems include central station air handlers,
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packaged rooftop units, packaged vertical units, split systems, packaged DX fan coils, hydronic fan
coils and water source heat pumps. In all cases, the air system also includes associated ductwork,
supply terminals and controls. In the case of packaged DX, split DX, electric resistance heating and
combustion heating equipment, the system also encompasses this DX or heating equipment. For
example, when dealing with a gas/electric packaged rooftop unit, the "air system" includes the DX
cooling equipment and the gas heating equipment.

To define an air system, the components, controls and zones associated with the system must be
defined as well as the system sizing criteria. For energy analyses, performance information about DX
cooling equipment and electric and combustion heating equipment must also be defined. All of this
data is entered on the air system input form.
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Figure 18 System definition

4. Enter Plant Data. A plant is the equipment and controls used to provide cooling via chilled water or
heating via hot water or steam to coils in one or more air systems. Examples include chiller plants,
hot water plants, steam boiler plants and remote source cooling and heating plants. In Treviso we
have develop two plants, on one hand for the heating system and on the other hand the Domestic
Hot Water.
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Figure 20 Plant definition

This step is optional; it is only required if chilled water, hot water or steam plants are used in your
building. To define a plant for energy analysis purposes, the type of plant and the air systems it
serves must be defined along with its configuration, controls and distribution system information.
This data is entered on the plant input form.

5. Enter Utility Rate Data. Utility rate data defines the pricing rules for electrical energy use and fuel
use. An electric rate structure must be defined for all energy studies. One fuel rate for each non-
electric fuel source must also be defined.

Electric rate data is entered using the electric rate form. Fuel rate data is entered using the fuel rate
form.

6. Enter Building Data. A building is simply the container for all energy-consuming equipment included
in a single energy analysis case. One Building is created for each design alternative being considered
in the study. Building data consists of lists of plants and systems included in the building, utility rates

used to determine energy costs and data for non-HVAC energy or fuel use. Data is entered using the
building form.
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Simulation Results:

Building Simulation Reports contain energy consumption and energy cost data produced by the
building energy simulation. These reports can be used to compare energy use and energy costs for
alternate designs (each represented by a separate "building" case) or to investigate energy use
patterns for an individual building case. HAP offers fourteen different building simulation reports
Note that simulation reports are only available in the full edition of HAP and not in HAP System
Design Loads.

Using various menu options and toolbar buttons in HAP, there are four different ways of generating
building simulation reports. These methods are described in the Generating Building Simulation
Reports topic. All four procedures require selection of report option on the Building Simulation
Reports dialog shown below.

The Building Simulation Reports Dialog is used to specify which reports should be generated and how
they should be generated. The form is divided into two tabs and also provides a panel with command
buttons. These features are described below:

The Standard Reports tab contains 13 of the 14 building simulation reports offered. The tab consists
of a series of check box items used to select individual report items. To select a report place a check
in the box next to the report title. This tab is subdivided into four sections:

a. Comparative Reports contains options for two reports which allow cost and energy results for
groups of buildings to be compared side-by-side on the same report.

b. Summary Reports contain annual cost and energy use data for individual building cases.

c. Detailed Reports contain tables of monthly energy and cost data for a single building case.
This section also contains a "Billing Details" report which documents the calculation of the
utility bill for each energy type or fuel source. These reports are useful when investigating
energy use patterns for a building or validating utility bill results.

d. Use Profiles contain the hour-by-hour energy use profile for a building for one energy source
or fuel type. Separate reports can be generated for each energy source or fuel type. Further,
separate tabular, graphical and TXT file versions of this report are offered. The latter report is
used to export use profiles to a disk file that can be loaded into spreadsheet programs.

The contents of each building simulation report are summarized later in this help topic.

The LEED Report tab is used to select and configure this report. This report is used when performing
analysis for LEED Energy and Atmosphere Credit 1 or LEED Energy and Atmosphere Prequisite 2
(Whole Building Energy Simulation option). Based on the project preference you specified, the tab
will either indicate that the LEED NC-2.2 or the LEED 2009 version of the report will be generated.

These LEED analyses require comparing energy use and energy costs for a Proposed building design

and four variants of a Baseline building design that complies with ASHRAE 90.1 prescriptive
requirements. Typically those five buildings were selected on the HAP main window before

25/29
o'oZd reeam

149 / 222
ocgdreeam



W

requesting reports. To select this report, place a check in the box opposite the report title. Then
assign the buildings selected for reporting to the Proposed and Baseline designations. Assignments
are made by selecting items from the drop-down lists. These lists only contain the buildings you
selected for reporting. If the buildings use common naming with prefixes like [BO00], [B090], etc..,
then HAP will automatically make the proper building designations. If custom naming is used, then
you will need to make the assignments yourself.

Note that the software allows you to generate this report with fewer than 5 buildings assigned. For
example when experimenting with energy conservation measures, it may be useful to compare
Proposed and Baseline 0 deg cases on the report to determine potential for LEED EA Credit 1 points.
Later, when the Proposed design is finished, the complete report with Proposed and all four
Baselines might be generated in preparation for submittal. When buildings are omitted from the
report, HAP adjusts the content of the report to provide useful information for the buildings that are
included.

HAP offers different building simulation reports. Each report is summarized below.

The Annual Cost Summary report compares annual energy cost results for buildings. Costs are listed
by system component categories (e.g. fans, cooling, heating, etc..). Length: 1 page.

The Annual Energy and Emissions Summary report compares annual energy cost results for
buildings with costs listed by energy or fuel type. It also tabulates estimates of atmospheric
emissions such as CO2, SO2 and NOx, if the emissions calculation option was selected in utility rate
inputs. The emissions calculation is sometimes required for green building studies. Length: 3 pages.

The Annual Component Costs report contains annual energy costs for a single building tabulated by
system component categories such as fans, cooling, heating, etc.. The report displays the data both
in pie chart and table format. Length: 1 page.

The Annual Energy Costs report contains annual energy costs for a single building tabulated by
energy or fuel type (e.g., electric, gas). The report displays the data both in pie chart and table
format. Length: 1 page.

The HVAC & Non-HVAC Cost Totals report contains annual energy cost totals for HVAC and non-
HVAC uses. The report displays the data both in pie chart and table format. Length: 1 page.

The Energy Budget by System Component report lists annual energy consumption itemized by
system components such as fans, cooling, heating etc... Energy data is provided in neutral units
(kBTU for English, kWh for Metric) so that all categories can be compared on an equal basis. The
report tabulates both site and source energy use. This report is sometimes required for
demonstrating compliance with energy efficiency codes. Length: 1 page.

The Energy Budget by Energy Type report lists annual energy consumption itemized by energy and
fuel type categories such as electric, gas, fuel oil, etc... Energy data is provided in neutral units (kBTU
for English, kWh for Metric) so that all categories can be compared on an equal basis. The report
tabulates both site and source energy use. This report is sometimes required for demonstrating
compliance with energy efficiency codes. Length: 1 page.
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10.

11,

12;

14.

15;

The Monthly Component Costs report contains month-by-month energy costs for system
component categories such as fans, cooling, heating, etc... The data is provided both in bar chart and
table format. Length: 1 page.

The Monthly Energy Costs report lists month-by-month energy costs for separate energy and fuel
types. The data is provided both in bar chart and table format. Length: 1 page.

The Monthly Energy Use by System Component report provides month-by-month energy use for
each system component category such as fans, cooling, heating, etc.. Data is also itemized by energy
or fuel source within each system component category. This output is useful when investigating
monthly variations in energy use for various system components. Length: 1 page.

The Monthly Energy Use by Energy Type report lists monthly-by-month energy use for each energy
or fuel type. Length: 1 page.

The Billing Details report documents how the utility bill is calculated. It tabulates the month-by-
month component charges for energy and demand, monthly energy use, monthly peak demand and
the time of peak demands. A separate copy of the report can be generated for each energy or fuel
source used in the building. Length: 2 pages.

. The Use Profiles report contains hour-by-hour profiles of energy use for the building for one energy

or fuel type. Separate reports can be generated for each energy or fuel type. This report is available
in tabular, graphical and text file versions. The text file option generates a TXT disk file containing use
profile data in a format suitable for import into spreadsheet programs. Lengths: Tabular — 1 page for
each 18 days; Graph — 1 page for all cases.

The LEED NC 2.2 EA Credit 1 Summary report is generated when the project preference is set to
LEED NC-2.2. It provides energy consumption, demand and cost data in a format matching that
found on the LEED NC-2.2 Energy and Atmosphere Credit 1 online submittal template. This report is
useful for evaluating LEED EAc1 points potential as you develop your design. When you are ready to
submit to USGBC, the fact that data matches the online submittal template format makes transfer of
data into the template efficient. Length: Typically 2 to 3 pages, but can be longer for complex
projects.

The LEED 2009 EA Credit 1 Summary report is generated when the project preference is set to LEED
2009. The report provides energy consumption, demand and cost data in a format matching that
found on the LEED 2009 EA Prerequisite 2 online submittal template. This is where energy simulation
results are collected in LEED 2009 for both the EA Prerequisite 2 and EA Credit 1 analyses. This report
is useful for evaluating LEED EAp2 and EAcl points potential as you develop your design. When you
are ready to submit to USGBC, the fact that data matches the online submittal template format
makes transfer of data into the template efficient. Length: Typically 2 to 3 pages, but can be longer
for complex projects.
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3.4 Analysis of sensitivity
3.4.1 Introduction

The purpose of the analysis of the sensitivity of the energy consumption is to know how it is affected
depending on the modification of different parameters used on its calculation. The reason to do this
analysis is to show the variation of the consumption produced by every parameter and how
important is to have better values. every parameter in the final result.

3.4.2 Parameters analysed

The energy consumption in a building is calculated based in many different parameters. This analysis
will only focus in some parameters used in the calculation with the software HAP that they have not
been determined precisely.

The parameters analysed are:

« U-Values. Those values have been calculated based on the composition provided by the building
owner (theoretical) and calculated using the method described in this document (practical)

« Infiltration. This is the amount of energy entering in the building directly from the outside. It depends
on many factors as for example weather conditions, wind speed or the geometry of the building
among others. Infiltration typically occurs because of leakage around windows and doors, and leakage
from the opening and closing of doors in the space.

+ Room temperature. The temperature of a room in the building depends on the requirements of the
tenants. The range between different temperatures can be high.
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13.2 Damp report (Padiham)
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Preliminaries
Property address:
Landlord:

Tenant:

Date of inspection:
Time:

Weather:

Attendees:  Mark Green
Ms. D. Clough

70 Whitegate Close, Padiham BB12 8TS

Place for People, Ltd
Ms. Donna Clough
24™ May 2016

14:00

Dry/sunny

Building Surveyor
Customer
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Background information

In the Matrix Solicitors letter to Places for People dated 16/05/2016 which we
received on 17/05/2016, the tenant’s allegations of disrepair are said to be as follows.

1.
2.
3t

®©

Throughout the property, there is penetrating damp.

Externally, re-pointing is required to the gable wall.

Internally miscellaneous, heating should be upgraded. The electric wall heaters
are worse for condensation.

Internally, there is bad plastering within the property which requires replacing
and also anti-fungus paint should be applied to it.

Externally, the patch pointing to the gable where scaffolding will be required.
Externally, the external wall to the property is causing damp which requires
rectifying.

Living room — there is mould and damp on all the walls in the living room.
The walls are wet with high readings; there is also moss all over it and
defective pointing externally.

Bedroom 1 — got mould and damp on all the walls.

Bedroom 2 - got mould and damp on all the walls.
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Description

The subject property is a 2 bed end terraced property, thought to be built circa 1985.
The property is of brick cavity construction beneath a pitched roof covered in clay
tile. The property has PVCu double glazed windows fitted, timber front and PVCu
rear doors.

Accommodation is briefly
Ground floor: Front door entrance opens up to a hallway that leads to the lounge and
kitchen to the rear of the ground floor. The staircase leads to a landing

from which are accessed a large front bedroom, a smaller second
bedroom and a bathroom.
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Caveats

Limitations of inspection: This is not a full building survey

Roof and floor voids were not fully inspected. Services were not visually examined.
The premises were furnished and had partly fitted floor coverings throughout, and no
assessment could be made of any elements which were covered, unexposed or
inaccessible.

Opinions as to dampness and other defects complained of are based on a combination
of a visual and physical inspection.
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Observations

The inspection was carried out in relation to each item raised in the initial notification
letter.

Item 1 - Throughout the property, there is penetrating damp:

From inspection of the property, there was no evidence of water ingress to the general
wall areas at time of inspection. However, it was apparent that the mortar pointing to
the gable end brick work was defective to several areas, which would be advised for
re-pointing as soon as practicable — see Item 2 & 5.

Item 2 - Externally, re-pointing is required to the gable wall:

During inspection of the external mortar pointing, it was noted that several areas of
the gable brick work has defective mortar finishes that requires remedial action at the
earliest opportunity. Tower access will be required to affect these works. The front
and rear elevations appeared to be generally in reasonable condition at time of
inspection with adequate mortar pointing.

Item 3 - Internally miscellaneous, heating should be upgraded. The electric wall
heaters are worse for condensation:

The heating system presently installed at this property is an electric storage heating
system. The storage heaters are of an approximate age and condition that would
normally advise a replacement date of 2017/18, although the individual units are
advised as currently working by the customer and appeared serviceable at time of
inspection. These systems are not the most economical or effective systems to control,
although this would not be adequate reason to replace outside of a planned
maintenance programme

The heating system would preferably be considered for replacement on a forthcoming
planned works programme, say 2016/17, with consideration given to installation of a
more effective heating system at this time. The lounge radiator has recently been
replaced with a new electric storage.

Item 4 - Internally, there is bad plastering within the property which requires
replacing and also anti-fungus paint should be applied to it:

At time of inspection, there were no significant areas of mould growth affecting the
property, although it was noted that significant re-plastering works have been carried
out to the lounge and bedrooms in response to this reported defect. This includes
removal of affected plaster finishes and reinstatement with damp proof membranes
beneath dry lined wall finishes. Several areas of wall finishes have also been treated
with anti-fungicidal wash and paint to affected areas throughout the property.
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Item 5 - Externally, the patch pointing to the gable where scaffolding will be
required:

This reported defect has been previously addressed in Item 2.

Item 6 - Externally, the external wall to the property is causing damp which requires
rectifying:

This reported defect has been previously addressed in Item 2. There were no other
areas of external wall with significantly defective pointing other than the gable.

Item 7 - Living room — there is mould and damp on all the walls in the living room.
The walls are wet with high readings; there is also moss all over it and defective
pointing externally:

On inspection, the full external gable wall to the lounge area had been dry lined,
including removal of affected plaster finishes and reinstatement with damp proof
membranes beneath dry lined plasterboard and skim finish. Other areas of wall
finishes affected by fungus have also been treated with anti-fungicidal wash and paint
as part of the works package. There were no significant areas of mould growth
affecting the lounge at time of inspection.

Item 8 - Bedroom 1 — got mould and damp on all the walls:

On inspection, an approximate 5m” to Bedroom 1 had been stripped and re-plastered.
Other areas of wall finishes affected by fungus have also been treated with anti-
fungicidal wash and paint as part of the works package. There were no significant
areas of mould growth affecting the bedroom at time of inspection.

Item 9 - Bedroom 2 — got mould and damp on all the walls:

On inspection, an approximate 5m* to Bedroom 1 had been stripped and re-plastered.
Other areas of wall finishes affected by fungus have also been treated with anti-
fungicidal wash and paint as part of the works package. There were no significant
areas of mould growth affecting the bedroom at time of inspection.

General

A positive air pressure unit has also been fitted to the first floor landing ceiling during
recent maintenance works linked to the condensation issues affecting the property.
The lounge radiator has been replaced with a new electric storage.

8
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Additional Items —

There were no additional items observed or advised during the inspection.
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Appendix i — Scott schedule

Scott schedule

Address: 70 Whitegate Close, Padiham BB12 8TS

Customer details: Ms D. Clough

Date of survey: 24/05/2016 — 14:00am

Item no. | Location Breach Complained of Remedial works | Tenants comments Surveyors comments | Estimated
required costs £
1 Internal - general Throughout the property, See Item 2 & 5 below. No comment. There was no evidence | N/A
there is penetrating damp. of penetrating damp to
the general property at
time of inspection.
2 External Externally, re-pointing is Re-point all defective No comment. It was noted that 120.00
required to the gable wall. mortar pointing to gable several areas of the
elevation — approx. 4m’. gable brick work has
defective mortar
finishes that requires
remedial action at the
earliest opportunity.
3 Internal - general Internally miscellaneous, No immediate works Heating system is poor | The heating system N/A
heating should be upgraded. | required. Single lounge quality and expensive | should be considered
The electric wall heaters are | unit has been recently to run. for replacement on
worse for condensation. replaced. 2017/18 programme.
4 Internal - general Internally, there is bad No immediate works ‘Works completed to Several areas have been | N/A
plastering within the property | required, as previously | customer satisfaction. | recently re-plastered
which requires replacing and | completed. and treated throughout
also anti-fungus paint should the property.
be applied to it
5 External Externally, the patch pointing | Works covered in Item 2. | No comment. This item is as per Item | See Item 2
to the gable where 2i
scaffolding will be required.
10
6 External Externally, the external wall | Works covered in Item 2. | No comment. This is as per Item 2. See Item 2.
to the property is causing There were no other
damp which requires areas of external wall
rectifying. with visible defects
other than the gable.
7 Living Room Living room — there is mould | No immediate works Works had been Works have been N/A
and damp on all the walls in | required, as previously | completed to completed to a good
the living room. The walls completed. customer’s satisfaction | standard, including dry
are wet with high readings; at time of inspection. lining and mould
there is also moss all over it eradication treatments.
and defective pointing
externally
8 Bedroom 1 Bedroom 1 — got mould and | No immediate works Works had been There was no evidence | N/A
damp on all the walls required, as previously | completed to of mould or damp at
completed. customer’s time of inspection.
satisfaction. Works have been
completed, including
dry lining and mould
eradication treatments
9 Bedroom 2 Bedroom 2 — got mould and | No immediate works Works had been There was no evidence | N/A
damp on all the walls required, as previously | completed to of mould or damp at
completed. customer’s time of inspection.
satisfaction. Works have been
completed, including
dry lining and mould
eradication treatments
Sub-total 120.00
Total 120.00
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Appendix iii

Photographs Schedule — Photos in relation to disrepair item no.

Fig. 1 — Rear elevation to property showing no apparent defects.

Fig. 2 — Gable elevation with defective pointing to brick work.

12

164 / 222



Fig. 3 — Lounge with completed dry lining to external gable wall.

Fig. 4 — Re-plastered wall finishes to Bedroom 1.

13
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Fig. 5 — Re-plastered wall finishes to Bedroom 2.

Fig. 6 — Recently installed positive pressure ventilation unit to landing.

14
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13.3 Electricity bills (Padiham)
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British Gés

Looking after your world
11 WHITEGATE GARDENS

PADIHAM

BURNLEY Choose how often your meters take readings -
LANCASHIRE every half hour, day or month - just call us on
BB12 8TL ’ 0800 980 4121. More readings give you a more

personalised breakdown of energy usage. To
download a record of up to 24 months of your
usage go to britishgas.co.uk/login

Yau r a nn uai Your customer number:
electricity summary

Date: Summary period:
26 September 2015 01 Aug 2014 - 31 Jul 2015

Dear i You can sordact ve oyl Britishoas conk/contacius

i 0BOG 1Q7 71027

This is not a bill, we've sent you this annual summary for

your information so there's no need to call us, just top up Hyou'ra ¢ speech impaired and use &
your meler as usual. To help you budgel, you can see Textphone, p

how much e'ectricity you've used in the past year, your 18001 0800 072 BA2R

estimated costs for the next year and how you might be Kon-Fri Sam-Bpm / Sat Bami-bpra

able to save. Please keep this for your records. = ; RN i
Summearies for the visually impairech:

We've also given you details of the tariff you're currently Call us: OBD0 072 8625

on, so you can compare with others and decide if it's the sy R ety s et

best value for you.

Could you pay less

You're on our Standard tarif'f f:n%e::l:eu:’-plltian:ight be waorth thinking about switching your
You used Personal Projection is our estimate of your energy costs

, (including VAT & other discounts) for the next 12 months and is

g based on previous actual consumption. This could be affected
2595 . 89 kWh (kiloWatt hours) by future tariff, price or consumption changes.
Calculations include estimated meter readings. e
Your 12 month Personal Projection for your current tariff is

If you use the same amount of energy over the next 12 £448.83
months and stay on the same tariff, we estimate your cost
will be £448.83". Cheapest Similar Tariff

Great News! You are already on our cheapest similar tariff.

e i it * Cheapest Overall Tariff
How does your electﬁcity use You can save £24.27 by switching o Stardard DBLIA . Variakle tariff
compare to last year? T¥ou wil need te pay by Direct Debiz e cat this tariff. £ You will need to switzh to

o i 2 credit etar ta get thie tariff. Tariffs may have e igicilty 2-heria and lirited
availabilizy.
i £ You wil not be charged an exi fes if you swaich suppher before your tanilf's end cate.
afiatams o Ehh e FPlezse note that switching tariffs rray involve changing to materially o fferent terms

1847.45 kWh and conditcns.
1 Aug 2013 -31 Jul 2014 Yo may be aole swikh supplier even witl on outstunding b ance on your account.
Visit britishgas.co.uk to know more about this or about te-if's.

2595.89 kWh

1 Aug 2014 - 31 Jul 2015
T Based cn our current oricas and includes some discounts and zoded i Mare about my tariff See step 4 ’;
chargas, iks VAT. i the orice of your tariff changes or you change your R o U S TN $
teriff, or the amourt you use, this forecast wil changs teo. N

*We recere calls to help improve our service to you. If you are hard of kearing or speach impaired anc use a textphone, please call 8001 0800 072 8626
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Tosllf detaile

Tariff name Standard

Tariff type - A ; ‘ Variable

Payment mathod : Prepayment

Unitirate. o s . 13.91Cp per Wh
Standing charge 26.000p per day

Tariff ends on No end date

Price guaranteed until No end date

Exit fee (if you cancel this Lrill before end date) Not applicable

Discounts and addiona! chargss
Dual fue! discount 7 £15.00
Mo applicable

Zdkditional graducts ev serelces nduded

_find & better deal, you'l need

Estirnatad slectrichty enst for you on this terifi for the naxt 12 roonths
Your annual consumption 2595.89 kWh
(basec on your actual usage in the last 12 months)

Persanal projection r446.83
(basea on current prices, inc/uding VAT)

Tariff Comparison Rate (TCR)

(all prices include VAT)

If you'r on a variable price tarift we Il give
you 30 days notice before we incraass
your prices

76.73p per kWh

kKigy condrattval tonms

Exit fees

Yau may end your cantract at any time without being charged an exit ree. We will
need you to provice a mete- reading and if you have any outstanding charges on your
account, we car ask you to clear tham oefore allowing you to move 1o anotner
supplier.

Dual fuel discount

£15 anrual discount waen you have both gas and electricity with us.

Price Changes

Prices may increase or decrease &t any time. We will give you 30 days advance notics
pefore we increase your prices.
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t#Fyou're thinkisg ol switching
- epue us n aall. To helo you %

your energy data. Just scan this
image to download it to your
smart phone or tablet. For
more information about QR
codes, go to
britishgas.co.uk/bill

Glossary ‘:, TR

Tariff i O e

This is our 'pa,ymght“pacﬁag’a.‘fm' s

“supplying you with electricity. -

Estimate

“If we do not have a meter reading for

you we will estimate one based on your
previous electricity usage. {

kWh

A KWh (kiloWatt hour) is the unit used to

- mgasure energy.
: P'qrsanal Projection ; ;
‘This is an estimate of your electricity

charges for the year ahead, based on
your actual electricity usage over the last

12 months. You can use the projection to

compare the costs of other tariffs.
Switch _

Te change from the current supplier to a
different supplier, or to change from the
current tariff to a different tariff with the
same supplier. R

Tariff Comnparison Rate (TCR)

The TCR is not based on jour actual
consumption but is based on the energy
consumption of a typical custorner usng
3,100 kWh clectricity and should ke used
as a guide only.

Unit rate

This is a form of measurement which
explains how much you are paying for
your energy. This figure is represented
as pence per kWh.

Standing Charge ;
This is a fixed amount that's applied to
your electricity meter daily.




2 Iran you change supplier?

We won't charge vou any exit fees if you decide to change
to znother supplier.

As a Pay As You Go Energy™ customer you may be eligible
to switch energy supplier even if you are repaying a debt
through your meter. Under the Debt Assignment Protocol
{DAP), you are aliowed to transfer a debt of up to £500
when changing supplier.

You must remain on a pay as you go meter until your debtis
paid off. ~or mcre information please call us on
0800 107 7102.

B

Whve‘rzev;cah 'I': giefjsbrfne help?

Your electricity supply number ‘s: | [

Nonweb Price Area
G45S read your mater

Online

A ha
britishgas.co.uk e

questions about your
Pay As You Go
Energy™ account, visit
our Help and Advice
section at :
britishgas.co.uk/

paygehelp

Speak to one of our
general enguiries team
0800 107 7102

Man - F+i Bam - 8pm’

Sat Bam - 6pm

Write to:
British Gas
PO Box 227
Rotherhzm
598 1PD

We will reply as soon as
we can.

S yOu are unhépby with our service - : :
Melve reslly sory you're not haopy. we want o sort thmgs
aur o you quickly, so p'casc gM. s a rmg ant

0800 072 8633

If you'd rather complain in writing go o
britishgas.co.ulk/energycomplaints or write to Complaints
Managemert Team, PO Box 226, Rotherham $98 1PB
If you aren’t happy with how we’re handlling your complaint, you can get
in touch with Mati Idle, our Managing Director of Energy Customer
Service. You can call his team on 0800 107 0184* or email
customercomplaints@britishgas.co.uk or yo.r can write to him at the
address above. When you get in touch 0 make a complaint we'll
investigate fully and let you know whal needs o happen nexl. We'll say
sorry for anything we've got wrong 2nd may make a goodwill gesture,
ar atter compensation.
If you need independent advice

The Citizens Advice consumer sarvice gives fres, conficential and
impzrtal advice. You can get in touch with them for acvice at anytms
during the compslaints process. Call them o
03454 04 05 06, or visit citizensadvice.org.ul/enargy

Need independent advice about switching your tariff
or supplier?

For impartial acvice on switching suppliers contact Citizens
Advice adviceguide.org.uk/energy or call 03454 04 05 06.

Ofgem has a Confidence Code for online switching sites to
ensure consumers receive accurate, detailed and unbiased
price comparisons: ofgem.gov.uk/confidence-code.

Know your rights

It's easy to get free, independent advice so that you 'Know
your rights’ as an energy consumer. You might want to get a
better deal, find out howto make a complaint, get advice
about the quality of your electricity or gas supply, or ask for
help if you're struggling to pay your bills. To 'Know your rights’
visit citizensadvice.org.uk/energy for up to date information or
contact the Citizens Advice consumer service on

03454 04 05 06 for a paper copy.

Qur Priority Service Register is a free, confidentizl service that provides
additional support to those most in need. To find out about eligibilty
and the services on offer, such as free gas safety checks and the
password protaction scherne, call us on 0800 294 8604 o- go ta
britishgas. co.uk/Priority-Sarvice-Ragister

Bills for the visually impaired
Call us: 0800 294 8604
Textphone: 18001 0800 072 8626

The company responsible
for the electricity supply
delivery network is:
Electricity North West
Limited

Emergency

,Electnca] emergency or
power cut?

0800 195 41 41 i
M161 DET

= :(24 hnurs a ddy)

We aim to resolve complaints

as quickly as possible

We'll make every effort to resoive your complaint withir a dzy of
receving it. However, sometimes it can take a littie longer, s0 if we
haven't been able to sort things out within eight weeks, or if we can’t
agree a way forward with you, {we call this ‘deadlock”), we'll write
and et you know that you have the right Lo pass your complaint Lo
the Ombucsmar Services: Energy.

The Ombudsman is there to help sort cut disputes petween enzrgy
suppliers and their customers. It's free to use their services and
they're tetally ‘ndepanaznt — they don't take sides and thair
dacisions are based only on the information they have. You can cal
them on 0330 440 1624, Texlphone 0330 440 1600, email
enquiries@os-energy.org, go online at
ombudsman-services.org/energy ar writs to Ombudsman
Services: Energy, PO Box 966, Wanrington, WA4 9DF

‘You don't have to accept their decision, but if you do, we'l act en
what they say. That might mean saying sor-y. explaining what's gone
wrong, fixing the problem or paying you compensation.

Brizish Ges is the trading name cf British Ges Trading Limited. Registered ‘n England & V\ales (Reg'sterad No. 03078711). Registersa Offica: "
Millstream, Vlaldenhead Road, Wnesor, Berkshlre SLd 5GD. britishgas.co.uk British Gas Trac ng Limited s authorisec and regulated by the Finarzial

Conduct Authorily [or its consumer eradil aclivili

zclivilies, Brilish Gas
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SCOTTISHPOWER

www.scottishpower.co.uk
L 003153 008223 1107222011 SPTUS40A 32000 ) 0800 D27 0072
: 8am - 10pm weekdays
38 WHITEGATE CLOSE E30am B Sxturday '
PADIHAM Finduson W 1 YoulTH
BURNLEY
BB12 &T) —

* Account Number:

R R A T R B TR

Supply Address: 38 WHITEGATE CLOSE BURNLEY BB12 8T) Date: 4th July 2015

Page 1 of 3

Dear

Statement period: 10 July 2014 to @ july 2015
You are on our Key Prepayment - Pay As You Go tariff

el Your annual electricity summary

This statement Is to help you stay informed and more In control of your energy. You can use this information
to compare your current tariff with others that we offer. Please keep this summary for your records.
Remember - it might be worth thinking about switching your tariff or supplier.

Your electricity usage summar Could you pay less?
y usag ¥ y y

= Your previous 12 months usage: 6091.49 kWh —_— .

= Your previous 12 months total cost: £892.09 g:crzccl I;:;Ti;ﬂﬁga;:;‘g B

» The graph below shows your usage for the period 70 July 2014 to our cheapest similar tariff. If
9 July 2015 and compares it with the same period for the year before. this changes we will let you

know on your next bill or

Your Electricity Summary statement,

Qur cheapest overall tariff

kWh Online Fixed Price Energy July

2016

You could save:£2715.56 per

year

Please note that switching
tariffs may involve changing
terms and conditions. These
tarliffs are available for a
limited perioc,

003193 SPTUS40A 1 of 2

Last Period

This Perfod

Yaour personal projection for the next 12 months is £824.17 (based on your
estimated consumption, tariff prices, discounts and VAT).
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ta!
SCOTTISHPOWER
Pags20°3 0800 027 0072
8am - 10pm weekdays

8.30am - 6pm Saturday

Useful advice

For useful and impartial advice, please visil Lhe following websites:
L Reducing energy use could save you money, please visit www.energysavingtrust.org.uk

= o guidance on the energy industry, please visit www.scottishpower.co.uk/knowyourrights or contact
us for a copy

™ The confidence Code is a Code of Practice that governs independent energy price comparison sites.
For more Infermation please visit www.ofgem.gov.uk

= cor free, independent and confidential advice on consumer issues and switching your supplier, please visit
www citizensadvice.org.uk/energy

About your electricity tariff

Tariff details Jargon buster

Tariff Name Key Prepayment- Pay AsYouGo  Exitfee - afee that is applied if you switch
- = = supplier more than 49 days befare the
Tariff Type Variable Price  (./iff and date.
Payment method Prepayment kwh (kilqwatt hour) - ane kilowatt of
power being used for one hour. Also
Unit rate - All/Day 17.400p perkWh  known as a ‘unit' of energy,
i " Personal projection - an estimate of your
Uritvate - Hight 7.383pperkWh ooy cost for the next 12 months based
. on your previous 12 months'
Seandng chaige e i consumption, tariff prices, applicable
Tariffendson Not Applicable  discounts and VAT, If there is less than 12

months left on your tariff, we've
calculated your personal projection using
our cheapest varlable prices for the perioc
after your tariff ends.

Tariff - the package of charges and
conditions ScottishPower supply you.
Tariff Comparison Rate (TCR) - The TCR
is a guide to compare the cost of energy

Not Applicable
Not Applicable

Price guaranteed until

Exit fee (If you switch supplier more than
49 days befora the tariff end date)

Additional products or services included

Estimated electricity cost for you on this tariff

Your annual consumption

(based an your estimated consumption) 6091.49 kWh

Personal projection

(based on current prices and including VAT) £894.17

Tariff Comparison Rate (TCR) Not available for your account

type

Note - all charges displayed are inclusive of VAT at Lhe
applicable rate and this may be different to the way charges are
displayed on your bill. Your oersonal projection is an estimate
of your annual energy costs based on your previous 12 months
consumption, existing tariff price, discounts and VAT.
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tariffs. It is the average overall cost of
each unit of encrey and is based un a
typical user of electricity or gas. Itis not
based on your personal consumption.
Standing charge - This fixed daily amount
covers the fixed costs to service your
account regardless of your energy use,
May also be called Daily Service Charge,

Unit rate - The price you pay per unit of
energy.




13.4 ECP (Padiham)
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Energy Performance Certificate

50, Whitegate Close Dwelling type: Top-floor flat

Padiham Date of assessment: 19 May 2010

BURNLEY Date of certificate: 20 May 2010

BB128TJ Reference number: 0272-2861-6251-9190-8361
Type of assessment: RASAP, existing dwelling
Total floor area: 48 m?

This home’s performance is rated in terms of the energy use per square metre of floor area, energy efficiency based on
fuel costs and environmental impact based on carbon dioxide (CO,) emissions.

Energy Efficiency Rating Environment Impact (CO,) Rating

Current |Potential Current |Potential
Very energy efficient - lower running costs Very environmentally friendly - lower COZ emissions
(92 plus) (92 plus) A
(81-91)
(55-68) D
— E 55| &
Not energy efficient - higher running costs Not environmentally friendly - higher CO, emissions
England & Wales S iDective |E8 England & Wales E Diracie: 18
The energy efficiency rating is a measure of the overall The environmental impact rating is a measure of a
efficiency of a home. The higher the rating the more home’s impact on the environment in terms of carbon
energy efficient the home is and the lower the fuel bills dioxide (CO,) emissions. The higher the rating the less
are likely to be. impact it has on the environment.
Estimated energy use, carbon dioxide (CO,) emissions and fuel costs of this home
Current Potential
Energy use 689 kWh/m? per year 609 kWh/m? per year
Carbon dioxide emissions 5.0 tonnes per year 4.4 tonnes per year
Lighting £57 per year £29 per year
Heating £435 per year £344 per year
Hot water £226 per year £226 per year

The figures in the table above have been provided to enable prospective buyers and tenants to compare the fuel costs
and carbon emissions of one home with another. To enable this comparison the figures have been calculated using
standardised running conditions (heating periods, room temperatures, etc.) that are the same for all homes,
consequently they are unlikely to match an occupier's actual fuel bills and carbon emissions in practise. The figures do
not include the impacts of the fuels used for cooking or running appliances, such as TV, fridge etc.; nor do they reflect
the costs associated with service, maintenance or safety inspections. Always check the certificate date because fuel
prices can change over time and energy saving recommendations will evolve.

To see how this home can achieve its potential rating please see the recommended measures.

Remember to look for the energy saving recommended logo when buying energy-efficient
products. It's a quick and easy way to identify the most energy-efficient products on the market.

This EPC and recommendations report may be given to the Energy Saving Trust to provide you
with information on improving your dwelling’s energy performance.

recommended

Cerlification mark

Page 1 of 5
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13.5 Treviso 1st Pilot site Baseline description
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dreeam

scaling energy renovation

Treviso (IT) 1% pilot site
Baseline description

D2.1

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement no 680511. This document does not represent the opinion of the
European Union, and the European Union is not responsible for any use that might be made of its content.
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1 Pilot Site overview

1.1 General Description

The purpose of the visit is to evaluate the baseline situation of the building providing the starting
point for the renovation DREEAM approach.

This technical baseline will be focus on the gathering of information about:

- Passive technologies: The thermal properties of the walls, roof, etc analysing in which conditions are
they currently and the features of the windows.

« Active technologies: Identifying every component of the installation of the buildings including
electrical parts, heating systems, storage and lighting among other things.

1.2 Buildings Description

The visit took place in the city of Treviso (Italy) in social housing buildings located in the street Viale

Francia.

Figure 1 Building in Viale Francia
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Figure 2 Axonometric sight

g

From the entire construction two types of buildings were included within the project: T2 and T4.

Figure 4 Typology 2 and 4
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1.3

Typology 2: This is the building number 7. It has a basement, a ground floor and six floors with two
flats per floor (a total of 12 flats).

The flat on the link has: 3 rooms, a living room, a kitchen, a toilet, and a bathroom. It has a net area
0f 80,92 m’.

The flat on the right has: 3 rooms, a living room, a kitchen, a toilet, a bathroom and a storeroom. It
has a net area of 95,5 m”.

Typology 4: This is the building number 8. It has a basement, a ground floor and six floors with two
flats per floor (a total of 12 flats).

The flat on the link has: 3 rooms, a living room, a kitchen, a toilet, and a bathroom. It has a net area
of 79 m’.

The flat on the right has: 3 rooms, a living room, a kitchen, a toilet, and a bathroom. It has a net area
of 79 m’.

BO requirements and objectives

To carry out the pilot visit, the collaboration of the building owners is required to allow the other
collaborating parts in the visit to gather as much information as possible that can be used after the
visit to make a deep analysis about the current situation of the building. For it, ATER Treviso has
made available the entry to different flats and technical rooms allowing to make a thermography
analysis, to measure the thermal transmission of the passive components and to analyze the active
components.

The main objective of the building owner about this visit is to have an understanding of the current
situation of their properties. This information must cover the components of the building and the
energy consumption of the social housing. It will be the first step of the renovation process.

1.4 Information needed

.

Ene

To perform the analysis of the building and compare the data obtained from the measurements it is
necessary to have the construction drawings which include every information about the typology,
orientation, dimensions, components and details of the building.

ATER Treviso has provided all the construction drawings that allow Exeleria to get a deep study of
the building.

This information includes:

Building spaces Lay-out

Elevation drawings

Energy Performance Certificates of some dwellings

Envelope components detailed description

Heating & DHW technical drawings (central production systems schemes)

rgy consumptions of the central heating & DHW systems for the whole building

7 /46
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2 Onsite data gathering

2.1 Passive Components
2.1.1 Thermographic analysis

The detailed information related to the thermographic analysis could be found in the methodology
document included in the annexes.

To carry out the thermographic analysis, a minimum thermal temperature difference between
indoor-outdoor is necessary.

The temperature inside the building during the thermographic work ranged between 20 and 23 °C.
The temperature outside was between 8 and 9. 2C. Which means a difference between 11-14 °C.

After de thermographic analysis in the different parts of the building we can obtain the following
conclusions:

There are small thermal bridges in the corners of the fagcade against the outside air. The temperature
in the corneris 15 2C, around 4 oC less than in the rest of the wall and roof.

x00'C

190

180

Hac

Figure 5 Thermal bridge in a corner

Another example of thermal bridge in a corner in another room with a lower temperature. The
difference of temperature is the same as the last one.

8 /46
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Figure 6 Thermal bridge in a corner

Nevertheless, in the highest floor we can appreciate very important thermal bridges as we can see in

the photo, there are big areas with temperatures around 16 2C when the rest of the room is around
20 °C:

Figure 7 Photo of the thermal camera

In the next picture can be observed light irregularities in the joint between the wall and the ceiling in
one room of the flat:

9 /46
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199

48°C

Figure 8 Joint between wall and ceiling

Small thermal bridges can be also observed between windows and walls with around 4 °C of
difference between them:

183°%C

134

Figure 9 Thermal bridge in a window

Generally, there is no presence of humidity, leaks of energy in the heating systems or significant

differences in the envelope components.

2.1.2 U-Value analysis

The detailed information related to the U-values analysis could be found in the methodology
document included in the annexes.

To ensure the accuracy of the measurements the ideal conditions required are:

« Temperature difference (outdoor - indoor) of at least 15 2C

« External surfaces un exposed to solar radiation

10 / 46
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A representative batch within each pilot case based on construction features (num. of bedroom,
orientation, m2...) is selected. The equipment for measuring U-values include heat flux meters,
thermistor temperature probes and data-loggers.

For the analysis of the building envelope five components of it have been analysed based on the
different envelope components make-up data given by the building owner.

| | PIANTA PIANO TIPO

| 3 !
S S
Figure 10 Components analysed
The results obtained are:
Number Component U-Value obtained  U-Value calculated
[W/m?K] [W/m?K]
11 Roof against unheated room 2,526 1,335 \
2 Wall against exterior air 2,604 1,622
| 3 Wall against exterior air 0,53 0,439
{ 4 Wall against exterior air 1,553 0,637 1
|5 Wall against exterior air 0,721 no data \

There are big differences between the measured and based on composition calculated data. A
discussion on that is included in the conclusions.

Following this a detailed description of the measurements:

1. Roof against unheated room. This is the roof located on the sixth floor against an small unheated
loft. The results obtained are:

« Temperature difference: 8,2 2C

« Solar radiation: Not influenced

U-Value Tw
o o [W/m?K] [oC] . [
04.02.2016 17:19:19 2,526 20,18 22,88 30,9 14,7

Comparing with the data obtained theoretically based on the information given by ATER Treviso:

11 /46
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Composition
[mm]

Mortar (15) 295

1234567

Tast] ] |
TS S 3 O
7 VA (Ll Ll
'
k.|
T=20
Sp. 295 mm

Figure 11 Construction detail of the roof

U-Value obtained
[W/m?K]

1,335

Thickness
[mm]

Concret (200)
Isolation (40)
Cement (35)
Flooring (5)

We can appreciate a worse statement of the roof than the calculated.

2. Wall against exterior air. This is a wall with windows situated in the balcony oriented to NE. The

results obtained are:
« Temperature difference:

« Solar radiation:

9,32C

barely influenced

U-Value Tw

04.02.2016 17:27:18

[W/m3K]
2,604

[2C]
19,76 22,94 336

Figure 12 U-Value analysis of the wall

Comparing with the data obtained theoretically based on the information given by Ater Treviso:
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(1} I

Sp. 130 mm

Figure 13 Construction detail of the wall

Composition Thickness U-Value obtained
[mm] [mm] [W/m?K]

Mortar (15) 130 1,622

wood fiber (20)

perf. brick (80)

mortar (15)

We can appreciate a worse statement of the wall than the calculated.

3. Wall against exterior air. This is the wall situated in the kitchen oriented to SW. The results obtained
are:

« Temperature difference: 9,5 2C

« Solar radiation: Influenced

U-Value Tw
[W/m’K] [eC] ]
04.02.2016 17:52:51 0,53 18,65 19,31

43,6 9,8

Figure 14 U-Value analysis of the wall
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Comparing with the data obtained theoretically based on the information given by Ater Treviso:

T =20 =T
1-§ inannd
2] TCICICICH
3— 6000
- TCICH
5—+
65—k
7
8 o

T0LH I'nnin =-5
1CHH 1K

¢ HHH
Sp. 440 mm

Figure 15 Construction detail of the wall

Composition Thickness U-Value obtained

[mm] [mm] [W/m?K]
mortar (15) 440 0,439
perf. brick (80)

air cavity (170)

perf. brick (120)

mortar (15)

isolation (40)

We can appreciate a similar statement of the wall with the calculated.

4. Wall against exterior air. This is the wall with windows situated in a room oriented to NE. The results
obtained are:

« Temperature difference: 8,8 2C

« Solar radiation: barely influenced

1 04.022016  18:01:14 1553 17,68 19,47 424 107
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Figure 16 U-Value analysis of the wall

Comparing with the data obtained theoretically based on the information given by Ater Treviso:

p. 1 9 mim

Figure 17 Construction detail of the wall

Composition Thickness U-Value obtained
[mm] [mm] [W/m?K]

mortar (15) 190 0,637

perf. brick (120)

mortar (15)

isolation (40)

We can appreciate a worse statement of the wall than the calculated.

5. Wall against exterior air. This is the wall situated in a room oriented to NE. The results obtained are:

« Temperature difference:

« Solar radiation:

9,7°C

barely influenced

04.02.2016

18:17:09

U-Value Tw
[W/m] [oc] 1%]
0,721 17,57 18,03 49,5 8,3
15 /46
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6.

Figure 18 U-Value analysis of the wall

There is not theoretical data of this component to compare.

Floor against unheated room. The evaluation of this component was not possible because the
tenants of the first floor were not at home during the visit.
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2.1.3 Windows

The basic features of the windows can be obtained using the application PRISM@VER 2012 which
gives the user the number of layers of glass, their thickness and the length of the cavity between
glasses.

Using the application for the windows in the building and in different orientations the conclusion
obtained is that the features of the windows are the same for the whole building.

It consist in a double-glazed windows with a cavity between them apparently of gas. The measures of
the windows are:

4 mm/ 14,5 mm/ 4 mm

Figure 19 Window and the analysis of it

ATER Treviso has provided the following information about the windows. There are five different
sizes and in spite of that they have the same U-Value for the glass and for the frame, they have
different U-Value for the complete window.

1,699
1,285
0,449
3,712
1,285

0,551 7,960 3,302 1,900 3,171 0,75
0,430 6,790 3,302 1,900 3,188 0,75
0,191 2,680 3,302 1,900 3,134 0,75
0,845 12,480 3,302 1,900 3,206 0,75
0,430 6,790 3,302 1,900 3,188 0,75
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2.2 Active Components
2.2.1 Heating & DHW production

The heat and the domestic hot water (DHW) is produced by the central heating system. It uses
natural gas to heat water above its initial temperature. This hot water is used for many activities that
include cooking, cleaning, bathing, and space heating.

For the heating and DHW production in the building a central system of gas boilers is used. It consist
in two gas boilers for the heating and another two for the DHW. They are located in the boiler room,
in the basement of the building number 4:

- ):i—i'— e e LI . e —g——l— =
L FoY “l |
TR f\:i_j—lb'-_a—_.hl-lj.\i i | 1[ e o l Jl_ ..:‘Al.-l'-l..\"'- , .i‘ﬂ.r\"» [ -
B SEEEEE e e
bi ol I R
- LAl
<+l m =z m -a}g.]'r = B o Bt I-l_._ii e
i — e — : : | =
I

| = e e e

Figure 20 Boiler room
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Figure 21 Boiler room

« Heating: There are two different boilers with burners for the heating production:

Ecoflam ECOMAX NC 630. It has a maximal nominal power of 630 kW.

Figure 22 Ecoflam ECOMAX NC 630

Ecoflam ECOMAX NC 420. It has a maximal nominal power of 420 kW
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Figure 23 Ecoflam ECOMAX NC 420

Figure 24Heating System Schematic diagram

« DHW: There are two identical boilers with burners for the domestic hot water production. It is a
RIELLO 3500 180 3S which has a maximal nominal power of 133 kW.
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Figure 25 RIELLO 3500 180 35
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Figure 26 DHW Schematic diagram

The DHW is stored in two tanks of 800 | each one:
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Figure 27 Deposit tanks

2.2.2 Terminal units

A terminal unit is the part of an installation which receives air or water from a centralized system
acting on the conditions in a selected area.

The terminal units found in the building are:

- Radiators: Are the elements used in the building to transfer the heat generated by the two gas boilers.
There are one radiator per room and the dimensions of it depends on the area to be heated: For
example we can find a 1 x 0,6 m in the living room and 0,3 x 0,6 m in the bathroom.

Figure 28 Examples of radiators in living room and in bathroom

In most of the rooms they are located under the windows or near it when possible which is the most
efficient place.

All radiators have a thermal valve consisted in an automatic device coupled to a thermostatic valve
body that opens it controlling the flow of water flowing through the radiator and therefore its thermal
power depending on the selected temperature position, and an individual meter that measure the
radiator consumption (heat allocator system).
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Figure 29 Thermal expansion valve and meter in a radiator

« Air conditioning: It is a cooling/heating air device for individual room based on a direct expansion
system that also filter, at some extent, the air pollution.

Air conditioning is not installed in every flat because it is a decentralised system under the decision of
the tenant.

Figure 30 Air conditioning system

2.2.3 Lighting

Room lighting can be general, punctual, ambient or decorative.
Depending on the lamp:
Incandescent: a wire filament is heated to a high temperature, by passing an electric current through

it. They have a very low efficiency (5%)

Halogen: is an incandescent lamp that has a small amount of a halogen such as iodine or bromine
added. They have a lifetime around 1.500 hours of use.
Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce

visible light. They are more expensive than incandescent but they have more efficiency and life.

Low consumption: are also fluorescent lamps adapted to the size, shape and stands of conventional
bulbs. They are more expensive but easily to be depreciated with a lifetime between 6.000 and 9.000
hours.
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« LED: it is a p—n junction diode, which emits light when activated. LED lamps have a very high efficiency
(around 90%)

The kind of lamps used in the building and it powers depends on the decision of the tenants.
Generally the most used are:

« Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range
between 40 and 60 W.

Figure 31 Incandescent lamps

» Fluorescent: This kind of lamp is used for the kitchen and toilets.

Figure 32 Fluorescent lamp

« Low consumption lamp: This kind of lamp is barely used in the building.
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3 Simulation analysis

3.1 Hourly analysis program software
The main goals of this simulation are:

« To help to verify that the measured U-values and gathered building information are able to explain the
current energy consumption.

« Sensitivity analysis of the different parameters, seeking for those parameters that have influence on
energy consumption.

« Feasibility check: This model will be the starting point for the feasibility check to be developed later
on.

3.1.1 Introduction

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility
engineers and other professionals involved in the design and analysis of commercial building HVAC
systems.

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For
instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1
(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website,
www.usgbc.org, for more LEED info.

3.1.2 Load calculation

HAP software uses:

« ASHRAE Transfer Function cooling load calculation procedures,
« ASHRAE design heating load calculation procedures, ASHRAE design weather data.

« ASHRAE design solar calculation procedures.

Features:

« Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it
calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights,
people, electrical equipment, non-electrical equipment, infiltration, floors and partitions considering
time of day and time-of-year factors.

« Performs detailed simulation of air system operation to determine cooling coil loads and heating coil
loads and other aspects of system performance 24-hours a day for design days in each of the 12
months.
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« Analyses plenum loads.
« Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration.

« Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat
operation.

On the following figures are displayed some examples of the type of data required in HAP simulation
related to design weather inputs but also the outcomes provided by the HAP tool.

Design Parameters:

City Name
Lacation
Latitude .
Longitude
Elevation ...
Summer Design Dry-Bulb ..
Summer Coincident Wet-Bulb
Summer Daily Range ..
Winter Design Dry-Bulb
Winter Design'W et-Bulb
Atmospheric Clearness Numbe!
Average Ground Reflectance ...
Soil Conductivity .......... .
Local Time Zone (GMT +~ N hours)
Consider Daylight Savings Time
Simulation Weather Data
CurrentDatais.. ...

Design Cooling Months . ... January to December
Design Day Maximum Solar Heat Gains

(The MSHG values are expressedin Wim* )

Mon th N NNE NE ENE E ESE SE SSE S
January 521 521 521 179.0 4171 5755 7163 7726 788.1
February 674 67 4 123.0 357.7 5451 7049 7694 7829 7845
March 842 4.2 2855 4924 6632 7344 757, 7215 700,2
A pril 10411 2059 4223 5931 683, 716.9 69, 5959 554.6
May 113.0 3185 4915 638.4 689, 671.6 585, 4878 4350
June 151,2 355,1 517,56 646,7 6797 6453 547.0 4379 3834
July 116.6 3121 4937 627.3 668.8 657.4 5745 4751 4257
August 106.6 194.2 4126 568.0 664.7 689.9 647.0 5759 537.7
September 873 87,3 2705 4477 6239 7044 7273 6981 671,7
October 69.6 69.6 1226 3345 535.0 663.0 7462 7629 753.8
November 526 52,6 82,6 196,5 3957 5832 69423 7536 767.6
December 452 452 452 119,7 3502 5149 669.9 7397 759,8
Mon th SsSw sw WSsw W WNW NW NNW HOR Mult|
January 7742 7113 5893 406,7 1986 52,1 52,1 316,2 1,00]
February 787.3 7745 7023 555.0 3454 132.0 67.4 4780 1.00
March 7209 751.6 748.3 6474 503.8 2731 842 628.3 1.00
A pril 5935 6616 7141 692,0 5929 4050 2151 7371 1,00
My 4851 582.0 666.5 695.5 6317 500.6 316.0 7955 1,00
June 4330 5459 6356 6855 6331 5300 3478 811.3 1,00
July 4691 5720 6468 681,4 614,0 4979 300,5 7896 1,00
\August 5732 638.0 688.4 667.5 572.0 3942 211.6 726.5 1.00
September 698.2 726,9 7082 6211 456,7 2699 87,2 602.8 1,00
Octaber 760,5 41,2 6711 527,7 3426 1054 69,6 466,0 1,00]
MNovember 7504 697.5 581.7 400.7 191.7 526 52.6 3106 1.00
December 7351 663,6 5324 342,0 1358 452 452 2480 1,00

Mult. = User-defined solar multiplier factor.

Figure 33 Design weather data.
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Design Temperature Profiles for July
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Figure 34 example of July daily temperature.

3.1.3 Simulation approach in Treviso

In Treviso each floor has been defined as a different space made up of two apartments. According to
the data provided by the Building owner, in our simulation we took into account all the building and
not only the two typologies subject of renovation within the project scope, because we have real
energy consumption data related to all the building.
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Figure 35 Spaces definition.
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In Treviso we have defined three different walls composition with different U-values, separating
between walls faces to NE, SW and walls below windows and also three different windows. | In this
first approach we have estimated the occupancy in each space, defining 4 people in each apartment
due to there are three rooms so 8 people by space (Two apartments). According to construction and
energy codes we also assume 8 W/m? for lighting and 5 W/m? for electrical equipment.

Ventilation parameters are really significant in residential sector to assess the energy demand
(Heating and Cooling) at the buildings. In Trevisso according to construction and energy codes we
have estimated an infiltration of 0,20 ACH (Air Changes per Hour) which means a low level of
infiltration.

*;..-—_ 02 et - Spaon g1 12 P ——
Gl | Vemmrt | ol i, Donws | s Shotpts | o Pl | P | Gorens | iotamabs | Wit Wienkmee Docts | Rt Shpipes | fibateon| Ploces | Pasihns |
A | Oeimaziigerg e
:~ T2 3 Pl [ l——_—_"-' oy 3] Rowesy WS m 'l
-
e T S P (L P |
O 29 = Bt el [ 58 Swste [T Whwemn
RN Pns s ) foedh | lgme =] o finz Wipeman
o~ e ol
Bt v Fmparres. Tk Ugpvg Schgde | [icciorey -l
Seew Lrage [ Ctrea. - Watage o00 Wk ] Vel Losk
Ohbsaamer] 03 | r— =l _Sgheckde | e ] e @ w
04 Neaemerl  fom ooy ] Eotnd Eamment Schadse | [yura) -
Spucs smgn avads AHRAE S04 29 20D VR [ e]| o ® At
o e et P v _Saeak | flgwe o] Schedle]fpwmi 0 ]
o | Couws | b | o0 | Coest | bw |
P |
Geness | Ichsrah | o Wincoew, Doy | Pt Shpes [ iribnaen | Fice | Pasnes]
e =3 © B B | A Erhm rfRabar oy i wrp tehare
Y (T R A ™ ) A LA amd
Ivw _ ojRd P P ': ] Ghate ! o v ngnlocke (00,23 [oan ]
;::‘ :::: : : ; ’ ko | o 3 Deigniiovrg (6322 () F)
O S Enoy brebis 01,22 [0 [0
- Shute2 Jficrm -
7w w12y . P n
| S - B 3] Iribgn 0cou ';0,;‘~vnm..u.
o R a | o Carcel tise
Space Properties - [3 T2 4th Flcor] _ E)
Geneeal| Intemsts | Wi, Windows, Doots | Pocs, Skabghts | irfivaton| Foors  Pastiions |
Partiion 1 Pamiion 2
) @ Colrg Pamton
© \Wal Pattion Wk Pasony
Ao 300 [on ot
Wvaue 0 — 2839 WA
Uncandiioned Space May 1o (239 st
Agbect &t SpaceManTens (350 B [35.0 <
Uncondiicred Space Mp Tesn (159 239 T
Ampect o Space Min Teng 50 128 <
ok | Cacd | Hew |
)

Figure 36 Spaces definition.
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In the next figures we have the different walls and windows defined as well as an example of the
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Figure 37 Walls and windows definition.
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While defining a space, information about the construction of walls, roofs, windows, doors and
external shading devices is needed, as well as information about the hourly schedules for internal

heat gains. This construction and schedule data can be specified directly from the space input form

(via links to the construction and schedule forms), or alternately can be defined prior to entering
space data. In this first approach we have define three different schedules, once we get data related
to real occupancy and people behavior from WP4 we will introduce these information in our

simulation.
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Figure 38 Schedule definition.
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In Treviso we have radiators as terminal units (Heating system) so the design supply temperature
must be quite close to 50 2C. Heating T-stat Set points is 22°C.
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Figure 39 System definition.
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Figure 40 Plant definition.

The Domestic Hot Water plant has been simulated taking into account 30 I/person/day, distribution

losses of 25% and a design temperature of 602C.
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Figure 41 Plant definition.

In our simulation 4 boilers that provide DHW and hot water for heating systems has been defined
with the same features that they have in the real situation by using the real seasonal energy
efficiency ratio (SCOP) given by the meters installed in the building.

In the following figures we have the results that comes from the simulation tool. On one hand the
energy consumption related to DHW which it is really similar throughout the year as it is possible to
observe in the figure 43, on the other hand the heating consumption as figure 44 displays there is no
energy demand related to heating consumption during summer time.
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Monthly Simulation Results for Domestic Hot water
Trevisso complet exeleria values v2 03/28/2016|
Exeleria 05:21
Plant Simulation Results (Table 1):

Service HW| HW Storage| SHW Pipina| Plant Heating Boilerinput -|  Boiler Misc.
Load| TankLosses Losses Load| Boiler Oufput Gas Electric
Month (KWVh) (kWh) (kWh) (kWh) (kWh}) (KWh) (kWh)
January 18530 803 3545 18530 18530 30883 0
February 16737 725 3202 16737 16737 27894 0
March 18830 303 3845 18530 18530 30883 0
|Apri| 17932 77T 3431 17932 17932 29887 0
May 18530 803 3545 18530 18530 30883 0
June 17932 77 3431 17932 17932 29887 0
July 18530 3803 3545 18530 18530 30883 0
August 18530 803 3545 18530 18530 30883 0
September 17932 777 3431 17932 17932 20887 0
October 18530 803 3545 18530 18530 30883 0
November 17932 FTT, 3431 17932 17932 29887 0
December 18530 803 3545 18530 18530 30883 0
Total 218175 9453 41744 218175 218175 363624 0

comple! exelena values v2

Monthly Simulation Results for Domestic Hot water
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Figure 42 DHW simulation results.
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Monthly Simulation Results for Heating system
Trevisso complet exeleria values v2 03/28/2016)
Exeleria 04:22

Plant Simulation Results (Table 1):

Heating Coil| Plant Heating Boiler Input - Boiler Misc.| Primary Water,

Load Loas Baoiler Qutput| Gas Electric Dist. Pump

Manth (KWh) (kWh) (kWh' (KVWh) (kWh) kWWh

lJanuary 152461 158119 158119 225884 0 2081

February 105468 108976 108876 155680 0 1880

March 58938 60359 60359 86227 0 1644

April 8148 8080 8050 11557 0 559

May 0 0 0 0 0 0

Wune 0 0 0 0 0 ]

July 0 0 0 0 0 0

August 0 0 0 ] 0 o

September 0 0 0 0 0 0

October 4792 4693 4693 6704 0 413

November 78367 80606 80606 115152 0 1790

|Decen'ber 133325 138068 138068 197241 0 2046

Total 541501 558911 558911 798444 [ 10422

Monthly Simulation Results for Heating system
Trevisso complet exeleria values v2 03/28/2016|
Exeleria 04:27]
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Figure 43 Heating system simulation results.

35/46

210/ 222



Simulation Difference Difference

[kWh] [kWh] [kWh] [%]

| October 0 6.704,00 -6.704,00

| November 60.571,96 115.152,00 -54.580,04 -90%
December 137.025,38 197.241,00 -60.215,62 -44%
January 211.757,17 225.884,00 -14.126,83 -7%
February 151.886,99 155.680,00 -3.793,01 -2%
March 93.211,07 86.227,00 6.984,07 7%

. April 67.749,86 11.557,00 56.192,86 83%
Total 722.202,43 798.445,00 -76.242,57 -10,6%

@‘\ter Real Data (kWh) ~ ——Simulation HAP (kWh)
rea ael ra&

200000 //‘\

150000 / / \

100000 / / \

50000 / / ¥

Figure 44 Comparison between Simulation and Real Data.
As it is possible to look at the figure 45, the simulation explain quite well the current energy

consumption at the building, taking into account the measured U-values the simulation result is
really close to the real situation.

3.2 Analysis of sensitivity

After the simulation analysis with the HAP tool, the following parameters have been modified to see
how they affect to the result of the consumption:

3.2.1 Room temperature

For the current analysis calculated before, it has been considered a room temperature of 22 2C while
heated. An increment and a decrease of 1 2C on this temperature has been modified and checked
the variation on the heating energy demand.
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Figure 45 Heating energy demand in relation to room temperature

The variation in percentage produced is:

Temperature Heating energy demand
| [kWh]

-19C -12,9 %

21°C 798.444

+1C +13,8%

3.2.2 U-Value

In the following analysis the U-Values measured are compared with the values calculated
theoretically in relation to the heating energy demand.

« Wall with windows situated in the balcony oriented to NE. The U-Value measured is 2,604 and the

calculated 1,622 W/m?3K:
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Figure 46 Heating energy demand in relation to the U-Value

U-Value Heating energy demand
[kWh]

Measured (Exeleria) 798.444

Theoretical (Ater) 732.672

Difference -8%

« Wall against outside oriented to SW. The U-Value measured is 0,53 and the calculated 0,439 W/m?K:

Heating -nuévdéimg %W% §

511

0,439

U-Value [W/mK]

Figure 47 Heating energy demand in relation to the U-Value
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U-Value

Heating energy demand

[kWh]
Measured (Exeleria) 798.444
Theoretical (Ater) 777.780
Difference -3%

« Wall with windows oriented to NE. The U-Value measured is 1,553 and the calculated 0,637 W/m?2K:

500000
— 800000
i 700000
E
: 600000 -
& 500000
?400000 .
@ 300000 -
E
= 200000 -
£ 100000 -
0 A
0,637 1,553
U-Value [W/m]
Figure 48 Heating energy demand in relation to the U-Value
U-Value Heating energy demand ‘
[kWh]
Measured (Exeleria) 798.444
Theoretical (Ater) 642.511
Difference -20%

« Roof located on the sixth floor against an small unheated loft. The U-Value measured is 2,526 and the

calculated 1,335 W/m?K:
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Figure 49 Heating energy demand in relation to the U-Value
U-Value : Heating energy demand
‘ [kWh]
Measured (Exeleria) 798.444
Theoretical (Ater) 702.362
Difference -12%

e All the U-Values measured by Exeleria compared with the theoretical values by ATER Treviso:

200000

RHITT

ATER Treviso Exeleria

Figure 50 Heating energy demand in relation to the U-Value
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U-Value Heating energy demand

[kWh]
Measured (Exeleria) 798.444
Theoretical (Ater) 469.508
Difference -41 %

3.2.3 Infiltration

For the current analysis calculated before, it has been considered an infiltration of 0,2 air changes
per hour. An increment of it modify the heating energy demand:

1800000

1

1200000

1

Heating energydemand [kWh]

?

Q
i

05 1
Air Changes per Hour (ACH)

Figure 51 Heating energy demand in relation to the infiltration

Air Changes per Hour Heating energy demand
| (ACH) [kWh] ‘
0,2 798.444
0,5 +42 %
1 +114 %

A discussion on how to use for this simulation analysis is done in the conclusions section.
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4 Summary and conclusions

4.1 Passive Components

4.1.1 Thermographic analysis

From the thermographic analysis we can get the conclusion that generally, there is no presence of
humidity, leaks of energy systems or significant differences in the envelope components. Despite of
this, there are areas where exist thermal bridges as for example in the joint between wall and ceiling
(Figure 8) or especially in the roof (Figure 7) which is in a current bad condition due to the presence
of possible dumps on it. Therefore, the insulation in the building must be improved.

4.1.2 U-Value analysis

Generally, the values obtained are very high with significant differences within the same type of
component as in the fagcade wall that ranges between 2,6 — 0,53 W/m?K. Also, those values are
higher than the calculated and it must be checked. Possible reasons for the differences could be:

+ Non ideal measurement conditions because temperature difference were below 15 2C and some walls
had been exposed to the solar radiation.

« Component insulation and other layers conductivity not well estimated (walls make-up has been
determined by drilling).

« Also in some cases the difference between the measured and theoretical U-Values are small (SW wall)
and others (NE) present big differences which indicates that the solar radiation could be a relevant
factor.

To tackle and try to explain these differences several approaches has been taken:

+ Use of energy simulation software and compare the results with real consumption data. As is
explained in the simulation conclusions (section 4.3) due to high uncertainty in relevant input data
(room set points, ventilation rates, etc) this method does not provide sufficient certainty about the U-
values. Despite this is a powerful analysis tool and gives very good qualitative insights and will be an
essential tool in the feasibility check developed in the next phases of the project.

« Typical U-Values from studies (BPIE[4])
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o Wall (Wim2K] Roof [W/m2K] Floor [Wim2K] Windoves [W/m2K]

U values of different components

4 N = 3
Country: Haly (IT) S =3

Wall (Wi(m? K))

s 1920 1920 - 1945 u945- 1971 1961 - 1976 1972 - 1934 1993 - 2006 = 2007

B Residential

Figure 52 Typical U-Values in Italy

This table shows that typical wall U-values for buildings built in seventies range between 1-1,25 so
values as given in some walls bases on the composition (0,4 and 0,6) seems too optimistic and close

to current values.

On this basis, and taking advantage of the hot-spot analysis to be done at Treviso, another U-values
measurements will be made to try to come up with coherent and trustfully values. This
measurements will be done ensuring the best conditions possible.

4.1.3 Windows

There are five different windows in the building with similar U-value, all of them are around 3,1
W/m’K, that is a high value comparing with the current windows that can be found in the market. A
high U-Value implies heat losses and therefore a higher heating consumption in the building.
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4.2 Active Components
4.2.1 Heating & DHW production

The conclusions about heating and DHW production were obtained after the analysis of the real
energy consumption provided by the building owner. The efficiency obtained for the boilers are 70 %
for heating and 60 % for the DHW approximately. These values are low in comparison with new
systems so retrofitting the production system will leads to huge energy savings.

Another conclusion obtained after the simulation using the software is that the installation is
oversized. The values generated by the software are 450 kW for heating (1050 kW installed) and 36,5
kW for the DHW (266 kW). That could be part of the reason for the low production efficiency level
due to several turns on and off.

4.2.2 Terminal units

In the case of the radiators, the control of the heating depends on the user which can do that
regulating the thermostatic valve depending on their thermal comfort (not on the room temperature
or the outside temperature). This system can be only efficient when the user is taught from an
efficiency point of view, but in practice they are normally used in an ON/OFF position.

4.2.3 Lighting

There are installed a significant number of lamps that suppose a waste of energy comparing with the
newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power
in a dwelling increase significantly the power consumption considering the total amount and the
number of hours they are working.
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4.3 Simulation analysis.

4.3.1 Results obtained

The simulation results matches quite good with the real consumptions so assumptions made in the
input data (internal loads, ventilation rates, set points) should be close to reality:

AterReal Data (kWh) ——Simulation HAP (kwh)

- A
/S \
-~ // N\

o |/ b
V4 N
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«° N \'a(' ‘{Q‘? & i
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Figure 53 Monthly consumption comparisson

4.3.2 Analysis of sensitivity

Despite of the good coincidence between real and simulated data a sensitivity analysis has been
done showing the influence of changes in the most relevant parameters.

Room temperature

Anincrement or a decrease of 1 2C on the room temperature produces a variation around 13% in the
heating energy demand. A temperature of 21 - 22 °C during the day ensures a minimum of
habitability conditions.

It can be considered that the temperature vary from one room to another. For example, in the
bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.

To heat the building with a room temperature above 22 2C implies a significant waste of energy.

U-Value

The variation of each component of the envelope of the building does not seem very significant in
every case at the first sight, but after the analysis of all of the components together with a better U-
Value it is shown the importance of having a good insulation system.
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Using the U-Values calculated theoretically, which are in most of the cases much better than the
measured, the heating energy demand obtained is around 40% less than the one calculated with the
U-Values measured.

Infiltration

Through the analysis of the infiltrations in the building it can be shown that they have a very
important impact not only in the comfort of its users but also in the level of energy efficiency of the
building. It is obvious that when the outside temperature is low, have an income of cold air inside the
building increases the heating energy demand.

As we can see in the Figure 45, a small increment in in the value of air changes per hour produces a
significant higher heating energy demand. For example the heating energy demand from 0,5 to 1 air
changes per hour is increased a 50%.
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