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Figure F.2: Scenario 2: DALI, Wi-Fi/Ethernet and Wi-Fi

Top System (BMS)

Gatewa Gatewa
y y Automation Level

Bluetooth

Field Level
.. etc.

Sunblinds

Figure F.3: Scenario 3: Bluetooth, Wi-Fi and Wi-Fi
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Appendix G

Reference Project

The reference example project used in this thesis is a three-floor Norwegian office building
of an over average size. Figure on the next page illustrates the various Glamox
luminaires used in this reference example project. It is important to underline that this is
not an actual project Glamox has delivered, only a reference example constructed especially
for the purpose of this thesis. The reference example project does not include emergency
and outdoor lighting. The following bullet point list summarizes the main characteristics:

e 150 office units. 60 closed offices and 90 cell offices. 4 kitchen. 10 meeting rooms. 8
toilet rooms.

e 3 luminaries in each closed office (1 of type C70-R G2, 1 of type C70-P and 1 of type
“Ninety”). Built-in sensors in the roof luminaires.

e 2 luminaires in each cell office. 1 of type C70-P and 1 of type “Ovelo”. Built-in
sensors in the roof luminaires.

e 5 luminaires of type D70-R in each kitchen. 1 sensor in the entrance + daylight
Sensor.

e 4-10 luminaires of type C70-R in each meeting room. 1 sensor in the entrance to
each meeting room + daylight sensor.

e A total of 4 luminaires in each toilet room. 2 of type A70-W365 over the mirrors
and 1 of type D70-R in each toilet units (assumes 2 toilet units in each toilet room.
1 sensor in the main entrance to the toilet room.

e There exists a total of 100 luminaires in the hallways and stairways. Type C70-R
G2, D70-R or similar.
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C70-R G2 D70-R C70-P
— AT
A70-W365 Ovolo Ninety

Figure G.1: Illustration of the various luminaires (Glamox AS| [2018c)

Pictures found on the product web page of Glamox was used when making the figure
above. Readers are directed to look up the given luminaire name on |Glamox AS| (2018c)
for more information.
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Appendix H

Cost-Benefit Analysis Explanation

In the CBA table on the next page of the appendix, the following abbreviations are used:
Glamox = G

Building responsible = BR

User = U

Society = S

Bluetooth is abbreviated as “BT” in the tables in three last pages of this appendix.
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Bluetooth Mesh

Comment to the post

Direct benefits G |BR[U| S| G|[BR|U|S

Sales income 510]10] 0] 7] 0| 0] 0 |]Incomefromthe sale of the LMS (one-time income).
Subscription income 2 (111 0| 0] 3]13[ 0 | O |G: Data handling income. BR: Income from operating the LMS.
Indirect benefits

Synergies to sale of otherproducts | 1 | 0| 0| O] 2 | O [ O [ O |The LMS can have dynamic effects to other Glamox products.
Reduced energy usage of1]12|5]10] 1 2] 5]TheLMS willead to energy savings.

Increased Productivity OO0 1] 2] 0] 0] 1] 2 |ThelLMScan increase productivity (= benefit).

Increased Comfort 0] 0|1 110] 0] 1 1 | The LMS can increase comfort (= more productive work).
Increased Flexibility oOojofo]JO0]JoOo]|] 2|1 1 | The BT LMS increases building flexibility.

Sum benefits 8|12 4| 81216 5| 9

Direct Costs

Purchase/Material cost 25100 3] 7| 0] 0]Costofbuying the needed material.

Production cost 2 0] 0[0] 2] 0 0] 0 ]Glamox's cost of producing the LMS solution.

Installation cost 0]l 30| 0] 0] 1| 0] O0]|]Thecostof hiring installation contractors.

Operating cost O[1]9[0] 0] 1[10] 0 |The aggregated cost for operating the LMS, inc. maintenance.
Indirect costs

Initial and ongoing training 1 10| 0] 2| 2] 0] 0 ]|Ongoing training for DALI. Initial and ongoing training for BT.
Downtime revenue loss 1111 2] 2] 2] 2] 3| 3 ]Loss ofincome due todowntime. Gets an accumulating effect.
Support cost 1 11 3] 0] 1 1 | 5 | O |Labor hours used to support the BR and the User.
Environmental degradation OO0 1] 3] 0] 0] 0] 1 |Assumes that DALIis more material intensive.

Sum costs 7 [12]1 15| 5] 10| 14| 18| 4

Bottom Line (Benefits-Costs) 10|11 3] 2| 2 |-13]| 5
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Row name in CBA

Glamox

Building responsible

User

Society

Sales income

Sales income for Glamox is
equal to the purchase cost for
the BR. BT can be sold at a
higher price than DALI
because of higher material cost
and goodwill.

Not a benefit for the BR.

Not a benefit for the user.

Not a benefit for the society.

Subscription income

Lifetime income for handling
and analyzing the data (most
likely outsourced). Assumes
more monitoring with BT.

What the BR eamns on
operating the LMS. Assumes

more income from BT solution.

Not a benefit for the user.

Not a benefit for the society.

Synergies to sale of
other products

One unit more for BT than for
DALI because the BT solution
is more likely to promote
additional sales because of
increased enthusiasm towards
Glamox products.

Not a benefit for the BR.

Not a benefit for the user.

Not a benefit for the society.

Reduced energy
usage

Not a benefit for Glamox.

The BR saves some energy in
installing the LMS. Same for
both protocols.

Assumes the user earns one
unit more than the BR on
reduced energy use.

Energy savings of 2 for the
user leads to more savings for
society because of
accumulating effects (here
environmental benefits is the
most evident accumulating
effect).

Increased
Productivity

Not a benefit for Glamox.

Not a benefit for the BR.

The user will work faster due to
the LMS which will benefit the
organization where the LMS is
installed.

Assumes one unit more than
for the users. This is because
increased productivity leads to
more spare time which leads
to more benefits for the
society as whole.
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Row name in CBA

Glamox

Building responsible

User

Society

Increased Comfort

Not a benefit for Glamox.

Not a benefit for the BR.

A functioning LMS with HCL
features is proven to increase
the comfort of the user - which
leads to more productive work
if used suitable.

Same as for the user. Do not
influence other members of
the society than the users of
the building.

Increased Flexibility

Not a benefit for Glamox.

Only for BT. BT increases
flexibility for the BR. Benefit in
terms of more efficient use of
the building.

Only for BT. Assumes that the
users has a little lower benefit
of increased flexibility than the
BR (since the flexibility could
possibly lead to new,
threatening users).

Only for BT. Same as for the
user. Do not influence other
members of the society than
the users of the building.

Purchase/
Material cost

BT got higher material cost
than DALI at present. This is
likely to even out when BT

on the market.

components gets more popular

Same as sales income for
Glamox. Must at least cover
the production/material cost
plus the production cost for
Glamox.

Not a cost for the user.

Not a cost for the society.

Production cost

Assumes about equal material
and production cost. Same for
both protocols.

Not a cost for the BR.

Not a cost for the user.

Not a cost for the society.

Installation cost

Usually the responsibility of the

for Glamox.

building responsible. Not a cost

DALI needs wiring in addition
to the luminaires and BT only
needs to install the luminaires
(but can also have external
sensors to install). Installing
wires demands qualified
electricians and takes more
time to install.

Not a cost for the user.

Not a cost for the society

Operating cost

Glamox do not have a direct
operating or maintenance cost
of the luminaires.

Same for both protocols. A
small amount.

Same as the total direct cost
for the BR for DALI and one
unit more for BT (assumes the
BR can profit more from the BT
solution).

Not a cost for the society.
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Row name in CBA

Glamox

Building responsible

User

Society

Initial and ongoing
training

Some training for implementing
new functionalities with the
DALI protocol/About the
double amount of training
required for the BT solution.

Assumes that the BR needs
the same amount of training as
Glamox.

Not a cost for the user.

Not a cost for the society.

Downtime revenue
loss

Some downtime revenue loss
for DALI and the double for BT
(because of unstable mesh in
the beginning and possible
interference).

Same as Glamox.

Accumulates to one unit more
of what the downtime revenue
loss is for Glamox and the BR.

Same as for the user. The
downtime revenue loss do not
influence other members of
the society than the users of
the building.

Support cost

Glamox currently provides
support to their Glamox
Wireless system-customers.
Assumed to continue with this.
Same for both protocols.

Assumes that the BR uses the
same as Glamox on support.

Same as the total indirect
costs for the BR.

Not a cost for the society.

Environmental
degradation

Not a cost for Glamox.

Not a cost for the BR.

Assumes that the users of the
building lose income and/or
goodwill when having a wired
LMS because of the
environmental issues. Not a
cost for the BT solution.

Two units more on DALI than
for the user. This is because
using the wires will harm the
society more than the users.
Sat to 1 for the BT protocol
because using material
resources will always harm the
environment.
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