
 
 
 
 
 
 
 
 

 

 

 

 

ENERGY EFFICIENCY Ɇ�$66(660(17�$1'�$1$/<6,6 

2)�(1(5*<�&2168037,21�$7 

7$0.�.8172.$78���&$0386 

 

 

 

 

Irikefe Emuraishe 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
  

Bachelor’s thesis 
March 2012 
Degree Programme in Environmental 
Engineering 
Tampereen ammattikorkeakoulu 
Tampere University of Applied Sciences 

 



	   2	  

PREFACE 

The TAMK (Kuntokatu 3) energy audit was a project work carried out during January 

through June of 2011, with extensive post audit verification and update exercise. This final 

thesis is a culmination of the project work at the Tampere University of Applied Sciences. 

With cognition and gratitude to: the commissioner of the project and Head of 

Environmental Engineering Department, Eeva-Liisa Viskari (Dr); the facility manager, 

Petri Ojala; lecturers and staffs that aided my work technically; my endearing sweet-hearted 

Beijbä BB; my parents, Mr & Mrs Mosilily for all the profound love and support. 

The audit presented many challenges with many questions yet answered. The details will 

require further scrutiny for a real-time application. The enthusiasm remained high despite 

setbacks, often surmounted by creativity and unending strong result oriented mental 

thoughts about energy use modification and retrofitting. As an institution that advocates 

green path, improvements are contingent to establishing that hallmark of sustainability 

within the campus sphere and any of its public buildings. It requires a proactive and 

consistent technical facility manager, as well as cooperation of all facility users. 

The central goal is to implement the suggestions, the main sustainable agenda(s) that 

inspired the work―“Use less Energy or Useless Energy”. Understanding the energy and 

material flow of our TAMK campus is important. 

Student of sustainability engineering can take the lead by creatively developing efficient 

strategic methods that lures a path of greener footprint, relevant to industries, businesses 

and humanity. This will raise the stake, the belief to support the prospect of a greener 

future. Everyone should realize their fair share of responsibility, towards a greener TAMK 

and society thereafter. 

With conviction, I hope that the information would stem the continuous inappropriate 

energy use from conscious indifference to re-awakened conscientiousness to the 

environment, knowing the financial implication of every step taken to be greenly. 

 

Tampere, March 2012 

Irikefe Emuraishe 
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ABSTRACT 

The energy efficiency assessment, implemented at Tampere University of Applied Sciences, 

Kuntokatu 3 campus, investigated the efficiency performance of the campus buildings. 

Facility Assessment is an essential component of energy management. On available data, 

corresponding energy performance over a period of five years formed the basis for 

benchmarking and comparison. The qualitative monitoring of energy consumption of key 

independent variables such as electrical and heat energy use on demand, by the facility 

manager was, used to assess performance and efficiency against relevant benchmarks. The 

success of this practical work was, established by identifying the right kinds of data and the 

allocation of relevant statistical methods to correspond to the independent variable. 

Monitoring, Targeting and Reporting (MT&R), the core technique applied, helped detect 

noticeable deficiencies in the traditional performance indices or energy intensity. Lighting, 

Computers, and Heating Ventilation and Air Conditions systems showed grey areas 

needing, more efficient changes of nearly 20% of feasible reduction, with strategic 

implementation of retrofits and strategic power management of computers. 
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1. ,1752'8&7,21 

Energy auditing is an essential component of assessing energy accounting of a facility for 

an effective energy management, just as financial accounting is relevant to an organizational 

management. In order to gain full benefits of energy management, organizations need to be 

able to monitor their energy consumption, relate consumption to the independent variables 

that drive it, compare the energy performance of their plants and buildings to themselves 

over time and other similar facilities, and assess the impact of energy saving measures. 

(Heffington, 2007 and Turner, 2001) 

 

1.1 'HILQLWLRQ�RI�DQ�(QHUJ\�$XGLW 

7KH�DGDJH��´LI�\RX�GRQ·W�PHDVXUH�LW��\RX�FDQ·W�PDQDJH�LWµ�FOHDUO\�DSSOLHV�WR�HQHUJ\�XVH��-XVW�

as financial accounting is necessary for effective management of an organization, energy 

accounting is key element of energy management, after which a team of internal or external 

accountants perform an assessment over the accounts (Heffington, 2007; and Turner, 

2001). This is necessary in other to check for possible errors, inconsistency, wastage abuse 

of resources, and ill performances, or mal-information. The accounts may therefore be due 

for rectification in order to harmonize the accounts and reconcile all maladjustments. 

An energy audit��DQ�ROGHU�WHUP�WKDW�KDV�QRZ�EHHQ�UHSODFHG�E\�´HQHUJ\�DVVHVVPHQWV�µ is an 

inspection of energy accounts, survey and analysis of energy flow and conservation in a 

building, process or system with the strategic intent to reduce the amount of energy either 

used, or wasted through energy saving methods, without negatively affecting its output. 

When the object of study is an occupied building then reducing energy consumption while 

maintaining or improving human comfort, health and safety remain the primary concern. 

Beyond simply identifying the sources of energy use, an energy audit seeks to prioritize the 

energy uses according to the greatest to least cost effective opportunities for energy savings 

(usually associated with utility cost savings). (Heffington, 2007 and Turner, 2001) 

 

1.2 &RPSRQHQW�RI�WKH�(QHUJ\�$VVHVVPHQWV 

The energy assessments process can be conducted by; a single user of a relatively 

unsophisticated package that focuses on a few simple energy issues or a team of 

professional engineers who analyse the problems using sophisticated software and complex 
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calculations. The individual energy assessor might assess residences and a city utility service, 

and provide simple printouts of recommended changes for homeowners with some savings 

data and perhaps cost estimates. The more expensive and detailed assessments by teams of 

engineers maybe reserved fort large buildings and industrial complexes. (California Energy 

Commission, 2001 and Heffington, 2007, Turner, 2001) 

The solutions are not always easy to find, and when discovered, not easy to implement due 

regulation and controls from bureaucracy. Figuring a way to create such energy savings 

potential and implementation of solutions must constructive. The plans were:  

x Tracking of Utility Cost; 

x Accounting for energy expenditure (consumption and cost); 

x Sensitively searching for areas where opportunities for saving may exist; 

x Identifying and correct consumption problems were possible. 

 

A full energy assessment has three main areas phases necessary for a good auditing, not 

necessarily a sophisticated audit model, but a simplified modelled plan. 

 

��� $VVHVVPHQW�3ODQ 

3KDVH� , ȥ� :DONWKURXJK� DVVHVVPHQW� is the pre-assessment phase which involved 

planning and organisation of the work flow and process with walk through observation of 

facility making necessary arrangements with building heads and facility managers including 

other areas need inspection assistance and historical information.  The walkthrough has 

three major outcomes; identifying the effort, including skills, personnel and equipment 

required for a detailed assessment, and an estimated cost of assessment. In some cases 

several updates and changes in facility structure and equipment was, noticed during the 

phase of the assessment at different months. (Jayamaha, 2006) 

3KDVH�,,�ȥ�(QHUJ\�6XUYH\�DQG�$QDO\VLV, is the core of the work, the main audit phase 

that involves firstly, the collection and analysing of data (process flow and diagram with 

energy utility chart). Secondly, conducting a survey through feasibility studies of the facility, 

and then carrying out energy monitoring, targeting and reporting (M&T). This step is 

important towards the determination of the functional relationship between consumption 

and the independent variable that drive energy. A measurement and experiment was held 

on computer use and lighting for example. Followed by analysis of the energy utilized to 
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find losses, and waste of energies. Simultaneously, identifying and finding new energy 

conservation potentials. (Jayamaha, 2006) 

3KDVH�,,,�ȥ�'HWDLOHG�DQDO\VLV�DQG�UHSRUWLQJ�RI�SRVVLEOH PRGLILFDWLRQV�has to do with 

the post audit work, which involved the reporting and a detailed discussion of various 

findings from the analysis with logical recommendations. The recommendations are the 

heart of the report. The recommendations are partly to be, implemented through the eco-

TAMK, an energy efficiency campaign, with the strategic intent to realise the set efficiency 

target or objective set out during the onset of the audit or assessment procedures. 

(Jayamaha, 2006) 

 

1.4 )DFLOLW\ /D\RXW 

The Kuntokatu 3 TAMK campus consist of nine connecting buildings, and two isolated  

buildings connecting each other, totalling eleven buildings in connection with this energy 

audit or assessment work distinguished by the alphabets, wings A to I, sports hall, and 

TAMKO. During the project time, G-building blotted from the map below is due to total 

reconstruction after demotion. The H-building had moisture damp in some parts needing 

repair, thereby limited access due to excessive hot air and heat beyond habitable levels. 

While I-building was under minor restructuring. These buildings need further assessment in 

the near future after intended reconstruction plan for the buildings.  

 

Figure 1: TAMK campus square map, from Teiskontie 33 Bird’s eye view, (TAMK, 2011) 
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1.5 2EMHFWLYHV 

The main goals of the project are to analyse the energy flow of the campus buildings and 

evaluate the best methods of increase energy efficiency within the facilities of the campus, 

and predicted savings from the retrofits. The systems audited include consumption of 

electricity, lighting, heating ventilation and air-conditioning (HVAC systems).  
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2.  (TXLSPHQW�/LVW 

Despite the non-availability of very special or sophisticated devices, some basic tools were 

used fulfilled the needs for sampling, data collection or measurements, and observatory 

purposes, including devices and sensors listed below. The materials were from the facility 

management, TAMK Facility Engineering Service Unit, Physics laboratory and Goofy 

Creative Agency, Tampere Finland. 

 

2.1 ,QIUDUHG�&DPHUD 

The infrared camera is a device that forms produces an imagine using infrared radiation, 

also known as the thermo-graphic camera. It is similar to the common camera that forms 

an image using visible lights. Rather than the 450–750 nanometre range of the visible light 

camera, infrared cameras operate in a wavelength as long as 14 000-nanometre range of 

visible light (14µm). The inspection of the insulation during the energy audit is can be seen 

with pinpoint accuracy with an infrared camera, to detect body temperature which is, then 

distinguished by different colour profile. Infrared cameras can save individual heat waves 

emitted by a body or an object, which varies according to their temperatures. The 

advantage of this camera is to observe different temperatures on the same homogeneous 

area, while the objectives are to localise insulation. This equipment is available at TAMK 

Facility Engineering Service, Kuntokatu 3. 

 

Picture 1: FLIR thermography: Infrared Camera (FLIR Systems, Inc., 2011) 
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2.2 +LJK-UHVROXWLRQ�'LJLWDO�&DPHUD� 

Canon EOS 5D Mark II Camera This is a high-resolution camera with 21 megapixels, 

1080p full frame possibility for wide-angle cover and picture taking with a 3.0" VGA LCD. 

The basic information needed to explain about this device is that it supported the project 

with high quality photos and good digital perspectives of, a miniature study of lightening 

perspectives in the building complex. This equipment is available at Goofy, Tampere. 

 

Picture 2: Canon EOS 5D Mark II/24-105mm and 50mm lens. (TheTechJournal, 2011) 

 

��� (QHUJ\�0HWUH 

The EKM-265 Energy-Cost-Metre was in use during computer device testing and 

inspection. This equipment is available at mechanics and physics laboratory. 

 

Picture 3: Energy-Cost-Checker EKM 265 (JLN Labs, 2003) 
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�� $5($6 2)�,19(67,*$7,21 

The central objective was to understudy the entire facility and spot out areas of energy 

waste and thereby improvising various ways to restore optimal efficiency were possible. 

Areas investigated during the audit phase are heat losses within the facilities or buildings; 

lighting, and the possibility of maximizing use of daylight, as against bulbs and fluorescent 

tubes; air control and ventilation system, improvements on saving strategy on each 

computer units. Students or staffs laptops were into account as well, although individual 

laptops could not be monitored, or verified. However, my personal laptop came in handy 

as a simulated a posteriori forming the hypothesis of laptop use. Based on available data, 

number of teaching staffs with personal laptops, all added up as miscellaneous energy 

expenditure. 

 

��� %XLOGLQJV��(QHUJ\�FORZ DQG�/RVVHV 

This area presents the heat energy consumption in the entire nine connecting buildings, 

and different losses of heat from sections of the buildings A to I respectively. 

 

����� ,QWURGXFWLRQ 

Heat, is defined as the transfer of thermal heat transfer across a certain defined boundary 

around a thermodynamic system. It is a characteristic of a process and it is non-statically 

contained on a matter. Heat, is synonymously taken as thermal energy, which can be 

exchanges, by fluid or in matter. Transfer of heat in any of these medium is from high 

temperature object to lower temperature object. (Benson et al, 2004 and Young et al, 2011) 

In the case of this audit study, heat tends to leave the building by two sets of transfer, by 

convention, and by conduction. All parts of building are under subjection of heat transfers, 

by the heating system installed to warm the environment. The walls represent medium of 

loss from inside to outside. As part of the goal is to reduce heat losses, improve, upon the 

heating system thereby decreasing energy consumption. This process could be realised or 

achieved by controlling conduction and convention thermal resistivity and improve the 

transfer of heat by the heating system. Before the solutions were entrenched, it was 

important to understand the phenomenon of how the system works. (Bradley, 2011 and 

Young et al, 2011) 
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����� 7KHRUHWLFDO�OYHUYLHZ 

This describes the various modes of heat transfer including conduction, convention and 

radiation as critical components inconsideration, when determining how to counter heat 

losses in the facilities and buildings. 

 

������� &RQGXFWLRQ 

Conduction is the transfer of thermal energy between regions of matter due to temperature 

gradient, where heat spontaneously flows from a region of higher temperature, to a region 

of lower temperature. Temperature difference is reduced over time thereby bring a state of 

thermal equilibrium between the homogenous areas of a body. Conduction takes place in 

all forms of matter, solids, liquids, gases and plasmas, but does not require bulk motion 

matter. In solids, it is due to the combination of vibrations of the molecules in a lattice or 

photons with the energy transported by free electrons. (Callister, 2003 and Young et al, 

2011) 

Bases on the second law of thermodynamics it is impossible for heat to pass from a body 

of lesser heat to a body of higher heat level. To make such heat flow possible, there has to 

be a by mechanical means. However, the only way to stop or prevent rapid heat loss is to 

add resistivity, as illustrated in figure 2. (Duffie et al, 2006) Certain type of materials can be 

placed within the in and out of the cold place or wall to limit energy transfer from lower to 

higher temperature objects. The usual way to do this is to superimpose the surface, to act 

as a blockade to heat loss. 

 

Figure 2: Illustrates heat flow through walls. (Irik Henry, 2011) 
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������� &RQYHQWLRQ 

Convection is the movements of molecules within fluids. This process of heat transfer 

occurs only within the air and liquid medium. A representation of this phenomenon of 

FRQYHQWLRQ�ZKHUH�LQ�WKH�FRQWH[W�RI�KHDW�DQG�PDVV�WUDQVIHU��WKH�WHUP�´FRQYHFWLRQµ�LV�XVHG�

to refer to the sum of advective and diffusive transfer. This is the main way to heat the 

building. (Monteith et al, 2008 and Young et al, 2011) 

 

Figure 3: Convection flow in a building. (Irik Henry, 2011) 

 

The airflow on contact with radiator or heating system carries warm hair. The air circulates 

the entire room space over time without losses, eventually bringing about a uniform 

temperature with the radiator. In a case where wall insulation or radiator isolation from the 

wall is blemished, these two elements Wind + Low Temperature, tends to freeze the 

outside wall by convection. The thermal flow is, thus affected, creating a temperature drain 

by conduction. When isolation from the wall is poor, in addition to poor or uneven 

insulation, this will affect the energy consumption of the facility because the heating system 

under constant flux would permanently loss heat generated and continues to demand 

power to sustain temperature level as thermo-programmed.    

In figure 4 gives a description of the temperature profile of what is happening in the wall. 

On the X-axis is the thickness of the wall. The Y-axis describes the different temperature 

levels, Tinside > Toutside (Duffie et al, 2006). The heat flow in orange flows from the inside to 

outside within the wall, and tend to decrease the temperature profile in red. This effect 
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happens because of centimetres away from the wall thereby induced by the convection of 

air around the wall. Nonetheless, all thermal transfer occurs mainly by conduction. 

 

Figure 4: Temperature profile within the wall. (Irik Henry, 2011) 

 

������� 5DGLDWLRQ DQG�1DWXUDO�/LJKW 

Radiation is the process in which the energetic particles or waves travels through a medium 

or space. Radiation is often used-to refer to ionizing radiation only that is having sufficient 

energy to ionize an atom, but may often refer to non-ionizing radiation for example: Radio 

waves or visible light. (Monteith et al, 2008) The main source of radiation to the earth is the 

sun. The energy radiates travels outwards in straight lines in all direction from its source. 

Sunlight in broad spectrum is that total frequency of electromagnetic radiation given off by 

the sun. Part of the sunlight rays, is filtered through the earth’s atmosphere. When the sun 

is above the horizon, solar radiation becomes obvious as daylight. When direct solar 

radiation, is blocked by a measure of cloud cover on earth, sunshine is experienced with a 

combination of EULJKW�OLJKW�DQG�UDGLDQW�KHDW. In the case of massive cloud cover at sky, 

or other objects obstructing solar radiation, the light experienced is, GLIIXVHG�OLJKW. 

Generally, the term global radiation describes the calculation of total radiation received by 

the window and the sum of the direct beam radiation component, sky radiation, and the 

radiation reflected from the ground in front of the surface. (Duffie et al, 2006, and NASA, 

2010) Clear-day global radiation represents the global radiation global radiation obtainable 
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under clear skies. The way this phenomenon works by illustration as displayed in figure 5 

gives a clear picture how it works on the wall of the building. 

 

Figure 5: Phenomenon of radiation in building illustrated. (Irik Henry, 2011) 

 

The possibility, of maximizing radiation during the day light hours meant an understudy 

was necessary, in order to know, the transmitted solar radiation levels into the building 

spaces. The amount of radiation transmitted through the windows, into the environment 

within is lesser than the amount of radiation the strikes the window from the outside part. 

Three factors were in consideration: the type of glass material used either plain or obscured 

glass, the thickness of the glass, and number of glass maze places on the window, in any 

case the more the amount of glasses the more there is sunlight reflected back. 

Knowledge about these elements makes heat losses from the building verifiable for 

efficiency. Generally, modern buildings in Finland have good isolations and insulations. 

However, the most problematic is verifying the roof, due to lack of good access, usually 

colder at the top.  

The fact that heat always rises makes the roof a medium of escape. The ventilation system 

is another medium of escape. If it has no Heat Air Exchanger in between, on the inside 

and outside as part of the ventilation subsystem system, then heat loss would be drastically 

high. 

The ground of the building is tightly, connected to the earth soil. The earth soil 

temperature is relatively high under the building, even at extremely cold winter times. The 
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ground from 0 and 2 metres is usually within 5-to10°C. A summary of this process as 

described below gives full insight into the loss areas.  

 

Figure 6: Illustration of the phenomenon of heat loss. Describes how this happens in a typical building. 

(Quality Domains Ltd, 2011) 

 

As indicated above more 50% of the losses come from the roof and the ventilation system. 

Here all the elements and factors stated in figure 6 are necessary to calculate the losses 

from the building. 

 

����� (QYLURQPHQWDO�3URILOH��*HRJUDSKLF�/RFDWLRQ�:HDWKHU�'DWD 

It is important to realise that not every temperature can be precisely known or measured at 

the time of the survey being simplified non-sophisticated audit. However, a set standard is, 

assumed for all room, after taking average environmental temperature internally in some 

locations and compared with the outside. During the M&T phase, temperature recorded 

was an average of 20.5°C, closed enough to the set standard for indoor air and temperature 

quality.  

The calculation for outdoor temperature parameter was in line with the obtained average 

temperature of Tampere within that period which was at an average of 5°C below zero 

around the month of March. 
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Figure 7: Average minimum temperature, in Finland. (Finnish Metrological Institute) 

 

 

Figure 8: Average annual temperature and precipitation measurement for Tampere according to the research, 

(Finnish Metrological Institute) 
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The mean annual temperature and the average annual precipitation for the whole period 

1971-2000 are, visualized in a nationwide map format. These fields have been, produced by 

using the so-called kriging-analysis method. The resolution is not sufficient to bring out all 

the details for our knowledge but does provide suggestive information as to temperature 

patterns over the years. 

 

����� (QYLURQPHQWDO�)RUPXODV 

Every material around the buildings: walls, windows, roofs, have superimposed levels of 

resistivity. Therefore, thermal resistivity between the Walls: Rconduction and Rconvection. In figure 

9, the relationship of this phenomenon and how the calculations, are made is presented. 

 

Figure 9: Thermal equivalent diagram (Irik Henry, 2011) 

 

The thermal resistance occurs in series and are additive. To determine the resistivity; the 

reciprocal of resistivity itself has to be calculated–thermal conductivity; k. Thermal 

conductivity is the property of a material describing its ability to conduct heat. It appears 

primarily in Fourier’s law for heat and conduction. Thermal conductivity is, measured in 

Watts per Kelvin-metre � �-1-1 mKW �� . The equation is express thus as:  

Sƌ
e

condR with Sƌ
ƅ7

condƖ
u

 u e . 

ƅ7 = Temperature difference in Celsius or Kelvins (k) 

  S    = Area in square meters, m2 

  e = Thickness in metres, (m) 

 ǡ = Rate of energy loss determined by thermal conductivity 

Convection resistivity is, calculated using the understated equation.  

 ƅ7S  SH
ƅ7

convƖ uu u  H1! . H is the convection coefficient in � �-2-1 mKW ��  
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The coefficient depends on the type of fluid the temperature and the flow type (Laminar or 

Turbulent, according to the wind) is, expressed by this relationship:  

4,08,0 PrRe023,0
001,0

uu
u

/
  

S
H air  

The humidity of air is the factor considered and determined with the expression:  

hydro%)(0,02119eƌDLU�ƌ
humidityAir 

uu  

The amount of solar radiation that received through the windows is difficult to know 

precisely. The average is, calculated from the data available. For ordinary temperature, the 

radiation is in the infrared region of the electromagnetic spectrum. The relationship 

governing radiation of hot object or body is the Stefan-Boltzmann law expressed.  

4TA uu VH  P  For hot objects other than ideal radiators. (Sun has emissivity of 1) 

P = Power from the hot object 

A  = Surface of this object 
ƥ�  = Emissivity of the object 
Ƴ = Stefan-%ROW]PDQQ�FRQVWDQW� ������������-8 :�P-2�.-4  (Mäkelä et al, 2009) 

When a hot object is radiating energy to its cooler surroundings as represented by 

temperature Tc, the net radiation loss is, presented as, 

 ¸
¹
·¨

©
§ �uu 44

cTTA VH  P  (Mäkelä et al, 2009)  

This system is to know the level of radiation within the environment, since the heating 

system available does not have such radiation capabilities. To simplify calculations, the 

convection coefficient is, estimated for the inside and outside. After monitoring and some 

research, both coefficients were, estimated as: 

e)(for insid 1  and  outside)(for  1
22 mk

w

ihmk

w

eh �
 

�
 06,011,0  

eh   Convection coefficient for external or outside 

ih    Convection coefficient for internal or inside 
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����� 6WDQGDUG�0DWHULDO�9DOXHV��0HDVXUHPHQW�FULWHULD) 

Standard calculation standard settings and set values thermal conductivity, k, value of 

materials for determining thermal flow measured in Watts per Kelvin-metre � �-1-1 mKW �� :  

Air   = 0,026  

Air (Dry)  = 0,024 

Aluminium  = 215 (Steel alloy)  

Brick   = 0,84 

Cement (mortar)  = 1,73 

Concrete, (dense)  =  1,80 

Glass   = 1,10  

Glass wool (Insulation) = 0,042 

Wood   = 0,15 

In addition, glass wool in thickness is around 25% of the thickness of the wall, and has a 
special resistance, R-value of ����:�.-1. 

*MRT Brick was, commonly used mostly during the 1960s in Finland. Most of the TAMK buildings were, constructed 
during 1961 through 1976. However, there have been new constructions on the F-wing in year 2000 and B-wing 1961-
1994, renovations do not pull down building structure., assumes, the best qualify for insulation was adopted.  

 

������� :DOO 5HVLVWLYLW\ 

The typical combination of material formation is, shown in figure 10: 

ealuminium =  0,0015m Size of panel on roof and sides or buildings. 

ebrick =    0,085m (MRT brick thickness).  

econcrete =      0,20m Normal cast size for buildings. 

ecement mortar =  0,0135m Internal mortar and surface plastering. 

eglasswool =      0,10m  25% of usual 30cm wall thickness 

Wall resistivity; 

R
1  = 

ecement

cement

concrete

concrete

glasswool

glasswool

brick

brick

i h
eeeee

h Al

Al 11
������

kkkkk
 

  06,0
215
0015,0

73,1
0135,0

80,1
20,0

042,0
10,0

84,0
085,011,0 ������  

 :DOO��5 =  ��77 :�.ăP2 
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The walls without aluminium panels at the surface of the outside walls, has resistivity, 5�RI�
��77 :�.ăP2 which is almost same as with galvanised aluminium sheets, with a fractional 

difference of ����ï��-6 :�.ăP2 more for the wall. This shows that the use of aluminium 

on the outside walls is not a sustainable use of materials, except otherwise it performs 

functions other than insulation. 

 

Figure 10: Materials in walls. (Touch Space avalanche, 2011) 

 

������� :LQGRZV�5HVLVWLYLW\ 

Windows in direct contact with the outside atmosphere is well insulated, the hypothesis 

therefore that under near perfect insulation in the edge between the wall, the resistivity(s) 

are summed i.e., the glass and the thin air layer between both windows. The distance 

between both windows is 4cm apart. In this case, of energy saving strategy, convection is 

negligible due to the outdoor or window wind and low temperature. See pictures 4 and 5. 

 

Picture 4: Triple-glazed in H-building, fourth floor. (Irik Henry, 2011) 
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Picture 5: Double-glazed in B-building, second floor. (Irik Henry, 2011) 

 

The windows are double-glazed, as presented in Figure 11 below, which tends to create a 

vacuum of dry air in between the sheets to improve thermal insulation. The glass thermal 

conductivity glassk = 1,2 W/(m.K), and airdry k = 0,024 W/(m.K), and the distance between 

the glasses is 1,2 cm. 

eair =  0,04 m       Space of air vacuum. 

edryair =  0,012 m  Glass to glass vacuum space inside. 

eglass =  0,004 m  Individual thickness of glass. 

It is important to note that the glasses in windows are three separate sheets. 

Windows’ resistivity; 

R
1  = 

edryair

dryair

air

air

glass

glass

i h

eee

h
131

���u�
kkk

  

 = 06,0
024,0
012,0

026,0
04,0

10,1
004,0311,0 ���u�  

:LQGRZV·��5 =  �����:�.ăP2. 

 Each glass contributes about �����:�.ăP2 
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Figure 11: Isometric view of a double-glazed window’s heat transfer flows. ( Irik Henry, 2011) 

 

������� 5RRI�5HVLVWLYLW\ 

The roofs at some wings are, covered with galvanised aluminium sheets, which is the 

classic roofing system commonly, used.  The other lover building under renovation and 

extension are, partly left with its concrete slab covers. 

ealuminium =  0,0015 m Size of panel on roof and sides or buildings. 

econcrete slab =      0,2 m For lower buildings with concrete slab. 

ewood =    0,04 m Cover over which roof are layered. 

Aluminium roof resistivity:  

R
1  = 

eiumalu

iumalu

i h
ee

h Wood

Wood 11

min

min ���
kk

= 06,0
15,0
04,0

215
0015,011,0 ���  

$OXPLQLXP�URRI��5 =  �����:�.ăP2 

Concrete slab roof resistivity:  

R
1   = 

econcrete

concrete

i h
e

h
11

��
k

= 06,0
80,1
20,011,0 ��  

&RQFUHWH�URRI��5� =  �����:�.ăP2 

 

������� &ODVVLF�5RRI�5HVLVWLYLW\ �,QWHUQDO�FHLOLQJ� 

The classic resistivity value LV� ����� :�.ăP2. It is relatively difficult to measure with 

absolute precision the resistivity of the roof, the reason for adopting the classic value.  
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����� 'HULYHG�%XLOGLQJ�(QYHORS�0DWHULDO�5HVLVWLYLW\ 9DOXHV 

To calculate the entire building resistivity and determine loss, each building and summed. It 

is also important to realise that the buildings are interlinked; therefore, ventilation could be, 

assumed as central and uniform. 

The proximity in values justifies that fact that the calculation is near correct levels despite 

the little wider marginal differences for concrete roof, which is rarely in use.  

$OXPLQLXP�URRI��5 =  ���� :�.ăP2 

&RQFUHWH�URRI��5  =  �����:�.ăP2 

&ODVVLF�URRI�YDOXH��5 =  �����:�.ăP2 

The roof can be investigated during a continued or re-audit work for the next student 

auditor) studying the entire floor plan. However, regarding the surface of the building the 

entire area was taking into consideration according to floor plan, and each window unit was 

in count or counted in order to determine the level of resistivity. Hence, total area of 

building would be the precise in relation to the windows and walls.  

:DOO�UHVLVWLYLW\��5 =  ��77 :�.ăP2 

:LQGRZV��5 =  �����:�.ăP2 

In addition, the resistivity values of the wall and windows are very close with gives uniform 

levels of resistive across the building.  

Lack of full information meant that measurements were, taken manually, but detailing 

make the task herculean and slow. It is logical to adopt a simplified finite calculation by 

considering building sizes as a whole, rather than isolating window calculation from the 

wall. The average value of Wall resistivity, �����:�.ăP2 and Windows, �����:�.ăP2 is:  

$YHUDJH�UHVLVWLYLW\��5� � ������:�.ăP2 

       Ɂ ���� :�.ăP2 (adopted for all buildings) 

 

����� 7KHUPDO�)ORZ�CDOFXODWLRQ 

As stated from the onset, the TAMK Kuntokatu 3 campus is, divided into several 

connecting buildings (A to I). Below is the satellite image of the campus and pictures from 

the side. A strong and extensive M&T was, carried on &�DQG�%�%XLOGLQJ. This was the 
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pattern set for making analysis of each room. One room study, per block, (building), 

followed by inspection for possible huge differences. The calculation could be, made by the 

summation of all resistivity on material units acting as insulation of the building. To find 

the thermal flow of the building from inside and outside for all buildings, the calculations 

has to me made individually to indicate the differences. 

 

Picture 6: Ariel view, satellite image of building positions, (Bing Maps 3DVIA) 

 

������� $ȥ%XLOGLQJ 

The surface area of each floor data was, provided as indicated in the floor plan showing the 

dimensions. The roof was covers with galvanized aluminium sheets. The size of the roof 

would be the widest area of the building, not surface area, that would be the real extensive 

cover of roof since is building is uniform in structure from top to bottom. The shortest 

length and width of the building is calculated in relations go the total surface area, so that 

the area in contact with the outside is obtained with closest accuracy. After the numerical 

comparison of dimensions, when slightly simulated to be higher in estimated value, it best 

necessitates improvements. All values or measurements taken from out-to-out wall 

measurements based of structural plan provided were the ideal step.  

Since conditions from the outside affect the inside in the heat flow, (also roof). With these 

values, the area and perimeter of the wall could be, ascertained. The windows need not be, 

calculated separately since the average resistivity average between wall and window 

resistivity(s) are in combination or bridged. All is termed in the wall area. 

Since the study phase carried out based on conditions in the month March, it is therefore 

logical to consider the average temperature that month, for a near correct thermal load. 

The average temperature in March was –5 oC, while internal averaged 20 oC. 
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The graph below shows the average weather pattern in Tampere throughout the months of 

the audit phase, as well a temperature distribution.  

 

 

Figure 12: Climatic conditions around the year in Tampere. (Climate Temp Info, 2011) 

 

A-Talo Pinta-ala surface area = 4314 m2 

 Tilavuus, volume = 20660 m3  (Ojala P, Rakennustiedot 2011) 

$�%XLOGLQJ�is approximately, ���P in width, and ���P�length. 

No. of floors is 4, h  × 3,5 m =   14,0 m 

Perimeter of wall            (75+20) m × 2 = 190,0 m  

S :DOO                       =    2280 m2                          perimeter × height    

S $�= S 5RRI =    1500m2 = S5RRIBAl & S5RRIclassic      length × width 

T'   =      25 oC 

M  = T
R
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The summation of every loss is approximately ����N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.4031daysh24 kW 1188  uu   
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Figure 13: Indication the floor Plan of Building A and dimension of A3. 

 

It is possible to calculate the losses for al month by just substituting the temperature values

T' conditions for that particular month, which represents the difference in temperature 

from outside to inside walls.  

Dimensioned were deducted from the surface area, as buildings are assumed to have a uniform width of 20 m based on 

measurements from the structural plan. Differences considered, for example, the height of 3,5m of building A, E, and H 

respectively, while the rest of the buildings 3.2m per floor, with the exception of auditorium, and I-building were with 

different scrutiny. The surface area (pinta-ala), used to calculate roof area and the volume (tilavuus) to verify depth. 

������� %ȥ%XLOGLQJ 

All extension of the building were, taken into account when making the B, including the 

depth of ground zero that houses the kitchen and restaurant. 

B-Talo Pinta-ala surface area = 12494 m2 

 Tilavuus, volume = 55’000 m3  (Ojala P, Rakennustiedot 2011) 

%�%XLOGLQJ�is approximately, ���P in width, and ����P�LQ�length.  

No. of floors is 6, h  × 3,2 m =   19 m 

Perimeter of wall            (130+20) m × 2 = 300,0 m  

S :DOO                       =    5700 m2   perimeter × height    

S $�= S 5RRI =    2100 m2 = S5RRIBAl & S5RRIclassic length × width 

T'   =      25 oC 



34 
 

 
 

 

Figure 14: Section floor plan of B-building 

 

M  = T
R

S

R

S
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croofclassi
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wall 'u
»
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º
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The summation of every loss is approximately 280 N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 80kW 2102  uu  

������� Cȥ%XLOGLQJ 

C-Talo Pinta-ala surface area = 5095 m2 

 Tilavuus, volume = 23000 m3  (Ojala P, Rakennustiedot 2011) 

&�%XLOGLQJ�is approximately, ���P in width, and ���P�LQ�length. 

No. of floors is 4, h  × 3,2 m =   13 m 

Perimeter of wall            (65+20) m × 2 = 170 m  

S :DOO                       =    2200 m2    perimeter × height    

S $�= S 5RRI =    1300 m2   length × width 

T'   =      25 oC 
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Figure 15:  Section floor plan of C-building. 
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The summation of every loss is approximately 161 N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW6 12011  uu  

 

������� 'ȥ%XLOGLQJ 

The surface area of each floor data was, provided as indicated in the floor plan showing the 

dimensions, which takes the shape of a rectangle connecting to an irregular polygon. 

D -Talo Pinta-ala surface area = 1899 m2 

 Tilavuus, volume = 8500 m3   (Ojala P, Rakennustiedot 2011) 

' %XLOGLQJ�is approximately, ���� P in width, and 50 P�LQ�length. 

No. of floors is 2, h  × 3,5 m =   7 m 

Perimeter of wall            (50+20) m × 2 = 140 m  

S :DOO                       =    980 m2    perimeter × height    

S $�= S 5RRI =    1000 m2   length × width 
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The summation of every loss is approximately 120 N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW 20 901  uu  

 

Figure 16: Section floor plan of D-building 

The particular structure that is the D-building is complex; however, the finite value reflects 

the dimensions and the size of that section of the building, to covers entire perimeter 

squarely. For the rest of building E, F, G, H, I respectively see appendix for full floor plans. 

 

������� Eȥ%XLOGLQJ 

E-Talo Pinta-ala surface area = 1964 m2 

 Tilavuus, volume = 10950 m3  (Ojala P, Rakennustiedot 2011) 

(�%XLOGLQJ�is approximately, ���P in width, and �� P�LQ�length. 

No. of floors is 3, h  × 3,2 m =   10 m 

Perimeter of wall            (33+20)m × 2 = 106 m  

S :DOO                       =    1060 m2   perimeter × height    



37 
 

 
 

S $�= S 5RRI =    660 m2   length × width 

T'   =      25 oC 
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The summation of every loss is approximately 8��� N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW 601,81  uu  

 

������� Fȥ%XLOGLQJ 

F-Talo Pinta-ala surface area = 3859 m2 

 Tilavuus, volume = 20270 m3  (Ojala P, Rakennustiedot 2011) 

(�%XLOGLQJ�is approximately, 20 P in width, and 65 P�LQ�length. 

No. of floors is 3, h  × 3,2 m =   10 m 

Perimeter of wall            (65+20 )m × 2 = 170 m 

S :DOO                       =    1700 m2    perimeter × height    

S $�= S 5RRI =    1300 m2   length × width 

T'   =      25 oC 
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The summation of every loss is approximately ����N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW 156 116 uu  

 

������� Gȥ%XLOGLQJ 

G-Talo Pinta-ala surface area = 1010 m2 

 Tilavuus, volume = 4200 m3   (Ojala P, Rakennustiedot 2011) 

*�%XLOGLQJ�is approximately, ��P in width, and ��P�LQ�length. 
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No. of floors is 2, h  × 3,5 m =   7 m 

Perimeter of wall            (25+20)m × 2 = 90 m 

S :DOO                       =    630 m2   perimeter × height    

S $�= S 5RRI =    500 m2   length × width 

T'   =      25 oC 
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The summation of every loss is approximately 60 N:, estimating the value over a period of 

31 days in March, would amount is;  MWh.31daysh24 kW 60 45 uu  

 

������� Hȥ%XLOGLQJ 

H-Talo Pinta-ala surface area = 5437 m2 

 Tilavuus, volume = 23000 m3   (Ojala P, Rakennustiedot 2011) 

H %XLOGLQJ�is approximately, 20 P in width, and 70 P�LQ�length. 

No. of floors is 4, h  × 3,5 m =   14 m 

Perimeter of wall            (70+20) m × 2 = 180 m 

S :DOO                       =    2520 m2   perimeter × height    

S $�= S 5RRI =    1400 m2   length × width 

T'   =      25 oC 
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The summation of every loss is approximately 175 N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW 175 130 uu  

 

 



39 
 

 
 

������� Iȥ%XLOGLQJ 

I-Talo Pinta-ala surface area = 2386 m2 

 Tilavuus, volume = 15640 m3   (Ojala P, Rakennustiedot 2011) 

,�%XLOGLQJ�is approximately, 20 P in width, and 60 P�LQ�length. 

No. of floors is 2, h  × 3,2 m =   6,4 m 

Perimeter of wall            (60+20)m × 2 = 160 m 

S :DOO                       =    1024 m2   perimeter × height    

S $�= S 5RRI =    1200 m2   length × width 

T'   =      25 oC 

M  = T
R

S

R

S
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S

croofclassi

croofclassi

Alroof

Alroof

wall

wall 'u
»
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º
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= W  13842225
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1200
50,2

1024
 u»¼
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ª ��  

The summation of every loss is approximately 140 N:, estimating the value over a period 

of 31 days in March, would amount is;  MWh.31daysh24 kW 140 104 uu  

 

�������� 6XPPDU\�RI�+HDW FORZ�RI�%XLOGLQJV� 

Highlight of data and calculations of heat flow in relation to heat consumption. 

Measurements have been realised with maximum precision, but lack of data in materials 

gives huge uncertainties. The main points to remember is that no huge leak of heat found 

on any of the buildings during the audit phase. Radiators work properly according to 

observatory with the infrared camera. 

The conditions in various months differ as per weather pattern, which dictates the 

temperature levels. The forces of natural weather conditions or patterns outside are 

inversely proportional to the temperature inside, and how much energy used to regulate 

internal temperature. Finally, from the use of infrared camera, no huge leak of heat on all 

the buildings, as shown in the thermo-graphic images obtained. 
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Table 1: Heat losses value from buildings A to I, in comparison to heat consumption for March 2010. 

%XLOGLQJV )ORZ�IDFWRU�YDOXHV�
ZLWKRXW�ƅ7� �� 

7KHUPDO�IORZ�ZKHUH�
ƅ7 �����N:� 

3RZHU�1HHGHG�
�0:K� 

$ 7520 188 140 

% 1120 280 210 

C 6440 161 120 

' 4800 120 90 

E 3244 81 60 

F 6240 156 116 

G 2400 60 45 

H 7000 175 130 

I 5600 140 104 

7RWDO 1361 1015 

 Total Energy used (MWh) Heat loss (MWh) Difference 

 762 1015 252 

 

�������� +HDW�(QHUJ\�8VH 'DWD 

In figure 17, heating energy use chart for a period of three years, in addition to an 8-month 

data, from January to August 2011 came to the fore of energy accounting. Data obtained 

during this time serves as the basis for benchmarking due to radical changes in the power 

distribution and tagging. That period represents the period of the assessment and audit of 

the facility with a 3-month extension to understudy infrastructural changes and upgrades. 

 

Figure 17: Heat consumption from January 2008 to August 2011. (Ojala P, Sähkö ja Lampötiedot 2010). 
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����� 7KHUPRJUDSK\�2EVHUYDWLRQV��:DOO�DQG�5DGLDWRUV 

The infrared camera allowed for precise determination of which parts of the building is 

experiencing heat loss. In this survey, the only test that was carried out were on walls and 

window unites as, for a complete study, test on the soil, the ventilation systems, and the 

thermal bridges should be carried out with the next phase of audit.  

However, it was difficult to find any serious or poor constructed insulation in the buildings. 

Except for the water damaged building H, which was under renovation, and I, which was 

extension and renovation phase. 

 

Picture 7: Radiator scrutiny with Canon 5D camera during the M&T phase on fourth floor of C-building 

observation shows heat flow around the environment. The red areas shows the hottest parts of the building, 

while blue area show the part with the lowest amount of heat or areas were heat loss occurs. (Irik Henry, 

2011) 

 

       a  b  c 

Picture 8: Radiator scrutiny with thermography M&T phase on ground floor. Observation shows heat flow 

around the environment. The red areas shows the hottest parts of the building, while blue area show the part 

with the lowest amount of heat or areas were heat loss occurs. Observation of licked from radiators looking 

for possibility of leaks, along the lobby area and jacket stands close to the B-building exit doors. (Irik Henry, 

2011) The colour scale of the image shows temperature variation. Picture 8a for example, blue to red 

indicating level of hotness or heat of the body range was 26°C to 47°C. It also allows for sensitive data 

imaging of the walls to detect possible area of heat losses on the walls.  
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a  b  c 

Picture 9: Shows areas of poor insulation on walls and windows of the building. Picture 9a is sixth floor of B-

building. 9b is the workshop area on the I-building, while the 9c shows measurements simultaneously with 

temperature meter taking environmental temperature levels on B-building. (Irik Henry, 2011) 

 

������� 0DLQ�(QWUDQFHV��'RRUV� 

The entrances of the university building remain the most significant source of heat and 

energy loss. It is impossible to avoid that and negligible for now. Current door deign is 

sufficient and adequate both for security and minimizing air exchange between the inside 

and outside environment. The picture 10 below shows windows and door units and lobby 

near the entrance. 

 

Picture 10: Main entrance door slight ajar, cold air comes in leading to losses. (Irik Henry, 2011) 

 

Worth considering, certain areas that contribute to the heat factors. The bulbs and 

lightings, the computers, and other electrical devices within the facilities are sources of 

heat, and they produce a significant level of warmth ration in every room, and the 
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environment, in addition to the body heat from the building occupants. All these put 

together, supplies to the heat flow in EXLOGLQJ�LQIUDVWUXFWXUHȥreason why the level of heat 

from main grid seems to be somewhat lower than the material heat flow and losses. While 

measurements and calculations are with utmost sensitivity and precision, insufficient data 

about the materials the type of design of windows, materials attached as covering over the 

walls and concrete, like glass and aluminium sheets, bricks, give results with certain level of 

uncertainties. Also being a preliminary audit with the lack of appropriate device, buildings 

need to undergo future studies. For further analysis and recommendations, see chapter 4.  
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��� %XLOGLQJV��EOHFWULFDO�&RQVXPSWLRQ  

Reducing electrical consumption forms the most important core of the audit, making a 

retrofit in this area would greatly affect the energy budget.  The consumption divided into 

sectors focuses enables massive equipment as major drainer in the electric grid of the 

building electricity supplies; the lights bulbs, computers, and others.  

 

����� 3RZHU�6XSSO\ /D\RXW� 

The entire building is, sectioned into three electrical point source metre readings, ‘0LWWDUL�
�������’. According to the facility manager, Petri Ojala, the power distribution divides into 

three supply grids, 3.�, 3.� and 3.�.  

 

Figure 18: Kuntokatu 3, TAMK power zoning. 

 

����� (OHFWULF (QHUJ\�8VH 'DWD 

Looking at the chart in figure 17 presented earlier on page 40, heat energy use dropped 

drastically, from March through October with the available summer heat and autumn heat 

from the sun. The change in figures of heat energy use from November rise again through 

February with obviously notable changes of sharp rise in heat energy demand, indicating, 

´winter is coming! or winter is here!´ Whereas electricity consumption seems uniform all 

year round, indicating that seasonal changes have no bearing on electric energy use, as with 

the case of with heat energy demand level.  



45 
 

 
 

Why does electrical consumption levels remain relatively high despite a change is seasons 

weather changes? Why is there seemingly uniform electricity use despite the holidays when 

there are fewer occupants in the campus? These questions are an attempt seeking to 

understand or address the apparent uniform electricity consumption from January through 

December. There are two things to consider, firstly, seasonal change, and secondly, annual 

changes in electricity usage. 

6HDVRQDO�comparisons of data show no sharp decline in use of electricity, with the change 

weather pattern over a year data. For example on ‘PK 1’, in -DQXDU\�2011 consumption 

was about ����� N:K, while $XJXVW of same year had a record high of over ����� N:K. 

January near the peak of mid-winter with higher temperatures, fewer sunshine hours and 

more electrical equipment turned on. August has sunshine, significantly can do without 

bulbs and electrical lighting during the day for instance. 

$QQXDO� comparisons of data show signs of continuous improvement in efficiency and 

energy savings or management. Looking at data from the total consumption still on ‘PK 1’, 

consumption in Year 2005 peaked over the 130 kWh levels with marginal fluctuation 

averaged at about 120 kWh levels. Drastically levels declined over the years in power rate 

usage. Year 2008 had linear average margin of about 92,0 kWh, and in 2009 with slight 

increase to an average of over 98,0 kWh. The high in 2009 may have been because of 

renovations and expansions of facilities with basic repairs, which meant introduction of 

more electrical devices for site operations. The data is, presented below: 

 

Figure 19: Electricity consumption on ‘PK 1’ January to August. (Ojala P, Sähkö ja Lampötiedot 2010). 

During audit phase this months were isolated for clarity purpose and analysed in order to show the trends, 

understand sections of the building and ensuing electricity demand load. Further discusses in the pie chart 

that is figure 22. Note that buildings A, E and F are under ‘PK 1’ electric supply grid divide. The buildings 

houses activities such as typical automation and electrical experiments including the physics laboratories. 

They should be empty in nights and holidays. 
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Figure 20: PK 1’ electricity consumption on ‘from 2005 to 2009. (Ojala P, Sähkö ja Lampötiedot 2010). 

 

There has been improvement with energy efficiency and use as amount of electric 

consumption. While the trend in consumption showed, signs of reduction in electrical 

usage, several areas are must be improvements, potentials maximized.  

 

Figure 21: ‘PK 1, 2, 3’, electricity consumption 2005î09, all buildings. (Ojala P, Sähkö ja Lampötiedot 2010). 

 

Considering the power distribution; lighting, computers, heating and ventilation, and other 

components grouped into miscellaneous. When considering various building sections like 

the classroom, auditoriums, kitchen (refrigerators), laboratories, ventilation systems, 

servers, and other machines, and the gym hall building, the use of these devices at peak 

power period, and off-peak power period, when the entire campus shut down for the day.  
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3HDN� SRZHU� During this period, price cost of electricity is higher; electrical load is 

significantly higher as well. Nearly 70% cost comes from usage at peak hours. 

2II-SHDN�SRZHU��This accounts for the rest of the 30% in cost of electrical load, while the 

cost of electricity is lesser at the off peak period.  

Therefore, by laying the groundwork to effect changes on the daily maximal average 

consumption; demand can be in regulation based on a particular need at a particular time, 

while retrofitting on established energy sources, efficiently. 
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��� %XLOGLQJV��/LJKWLQJ�FDFWRUV 

Lighting is one of the biggest strategic areas in the facility with potentials for massive 

energy savings. Additionally, retrofitting by replacing with efficient devices, and operational 

switch control system in the number in use at daytime, will result in instant payback over a 

short period. The conduct a good audit on the lighting, there has to be counting, detailed 

study of visuals and amount of Lumina capacity and distribution of the rays, location, 

health implications, and time of usage in order to have the basic vital information. 

The conceptualized strategic intent towards achieving reduction is light energy use in the 

school, from the onset were to:  

x Reduce the total energy consumption from all sectors by 20%. 

x Cut down average light usage at peak power periods of around. 

x Feasibility assessment of retrofitting on new technologies for energy saving. 

The machine levels are high to that compared to the results obtained, when light limner are 

placed at this situations. 

 

����� /LJKWLQJ�LQ�(OHFWULF�(QHUJ\�8VH� 'DWD CDOFXODWLRQV DQG�$QDO\VLV 

The information about different lights in different buildings provided as shown in the table 

below. The information provided here with is before the re-construction of G-building and 

during the on-going renovation of I-building. Updated by the next set of auditors, must be 

in line with newer developments since this is a continuous improvement process.  

The counting of light bulbs and fluorescent tubes are, presented below. Additionally, the 

energy bills incurred by estimates were calculated. The next page contains a table showing 

the total number of light bulb count in the entire buildings. 
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Table 2: Table 1a: Light bulb counts in all buildings. 

Tal
on 

TV= turvavalo = Safety lights;  HV= hätävalo  = Emergency Lights 
 

 

830/5
8 

830/3
6 830/35 830/18 

827/
9 HV/7 TV/10 

    A 517 286 84 26 74 27 2 
                                    Total Power A-Building           44565 : 

B 
830/5

8 
830/3

6 830/35 830/18 827/9 830/11 830/9 HV/11 
HV
/7 

HV
/5 TV/10 

 
823 676 818 123 127 32 70 13 73 24 115 

                                Total Power B-Building          �������: 

C 
830/5

8 
830/4

0 
830/3

6 
830/3

5 830/18 827/9 HV/7 TV/10 
 

 
781 96 243 131 12 98 59 32 

                                 Total Power C-Building           ������: 

D 
830/6

0 
830/5

8 
840/5

8 
840/3

6 830/18 
827 PL-L 

4P/18 
827/

9 

 
10 64 36 14 30 18 22 

               Total Power D-Building                  79���: 

E 
830/5

8 
830/3

6 HV/7 
TV/1

0 

 
583 119 25 43 

                              Total Power E-Building            ������: 

F 
830/5

8 
830/3

6 
830/1

8 827/9 HV/8 TV/10 

 
854 205 102 68 42 30 

                                Total Power F-Building          ������: 

H 
830/5

8 
830/3

6 
830/1

8 
830/1

1 827/11 HV 11W 

 
1340 2 110 68 9 6 

                                Total Power H-Building           ������: 

G 
830/5

8 
830/3

6 
830/1

8 
830/1

1 95/36 95/18 
HV/1

1 

 
76 224 2 20 22 4 3 

                                 Total Power G-Building          44565 : 

I 
830/5

8 
830/3

6 
830/1

8 
830/1

1 95/58 95/36 

 
336 0 18 17 409 20 

                                Total Power I-Building            ������:� 

L 
830/5

8 
830/4

9 
830/3

6 
830/1

8 830/11 

 
181 21 4 10 15 

                              Total Power L-Building            ������: 

Total consumption of all buildings: ���N:� 
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Table 3: Power consumption and summary of buildings share. 

 
%XLOGLQJ 3RZHU�:DWWV 

$ 44565 
% 106963 
C 64302 
' 7966 
E 38703 
F 59996 
G 44565 
H 80685 
I 44383 
/ 12016 

7RWDO 504144 
 

Table 4: Cost of electricity during the Year 2010. 

 3.� 3.� 3.� 7RWDO�½ 

1. -DQ. 7 000 14 000 11 400 ���400 

2. )HE� 7 500 14 000 10 200 ���700 

�� 0DU. 7 800 14 500 9 200 ���500 

4. $SULO 7 600 14 000 8 100 ����00 

5. 0D\ 7 500 14 000 7 500 2��000 

6. -XQH 6 700 12 400 6 800 2����� 

7. -XO\ 7 700 12 400 6 900 27 000 

8. $XJ� 8 200 13 400 8 000 ������ 

�� 6HS� 7 700 14 000 8 700 �0 400 

10. 2FW� 7 700 14 000 9 300 �2 000 

11. 1RY� 8 200 14 000 9 900 ���100 

12. 'HF. 7 700 13 000 8 900 ���600 

7RWDO�½ 92 000 160 000 105 000 ��� �00 
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The table above indicates that about € 360´000,00 was the total  electricity cost in 2010. 

Considering the fact that electricity consumption is more efficient than it used to be 

spending may have nearly reach half a million euros a year. If more than 10% of this 

amount can be saved, estimated at € 36´000,00, this covers the cost of six student’s entire 

basic living allowance money in a year, quite a lot of money to invest into pro-active 

student scholarship or sponsor energy saving campaign, amongst other things needing such 

financial resources.  

 

Figure 22: Month share of electricity use of each month in a year 2010. This chart is a good simulation of 

each month’s load capacity for distinguishing purpose only. The data of 2011 were unavailable or insufficient 

to analyse for a full year, during the assessment, data analysis and reporting phase.  

 

There are no noticeable big changes in electric consumption over the months. The range 

between Januarys and the highest billed month and Junes the lowest billed month is 0,72% 

which is a very venial figure, considering diminishing darkness and hotter weather 

conditions ushered in by the sunny summer weather. If the student activities are almost 

non-existent, and staffs are essentially on holidays, it is baffling that consumption is barely 

decreasing by half its winter levels. WHY is there no indication of drastic load shedding? 

Picture 11 shows what the environment looks like at 11:00 am in the Middle of a Sunshine 

May Day, gives us a clue where some of the potential shed in electricity load. 

Can natural lights replace them? Looking at the picture 11, we could see how light bulbs are 

barely and can be turned-off and save energy mostly during period where there is adequate 

sunshine. The cost implication of are expressed in the next subheading.  

Jan 9,06% 

Febr. 8,71% 

Mar. 8,80% 

April 8,28% 

May. 8,02% 

June 7,21% July 7,51% 

Aug. 8,27% 

Sep. 8,42% 

Oct. 8,54% 

Nov. 8,95% 

Dec 8,23% 

Cost of Electricity, Year 2010. 
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Picture 11; Empty environment with lights on despite adequate sunlight from windows, (Irik henry, 2011). 

 

����� /LJKWHQ�([SHQGLWXUH��&RXQWLQJ�WKH�&RVW 

Considering the amount of wattage of the bulbs, if you assume these lights are on for about 

8:00 to 6:00 pm that is about 10 hours a day, considering that, lights are usually in use 

longer;. The total consumption would amount to 

�������:�ï���K� ����� 0:K�in a day. 

In 20day, work days in a month:  

����0:K�ï���GD\� ��������0:K� 

In 250day, work days in a year:  

����0:K�ï����GD\� ������0:K� 

During winter months as result of shorter day light, indoors, these lights are in operation 

despite sunlight environments. The 250 days in a year use covers sufficiently a most 

simulating of what could be the cost of using the bulb. 

Daytime cost is, ascribed for the lighting, based on the assumption of a 12-hour daytime 

usage work period at the cost of ��072 SHU�NLORZDWW-KRXU �N:K�. The lights mostly turned 

on are security and emergency lights perhaps for 24h every day. Hence, inefficiency cannot 

be a subscription to its functional use at any point in time.  Nevertheless, as to whether 

security and should be used in all day leaves room for a debate special debate. The notion 

of emergency is reasonable, time and unforeseen occurrence, and anything can happen.  
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(OHFWULFLW\�XVH DYDLODEOH�E\�January 9, 2011��IRU�WKH�SHULRG�RI������������WR����������� 
Building electrical supply meter grids are, divided into PK1, PK2, and PK3. 

x PK1 106685 kWh  €    8´000,00 

x PK2 181054 kWh  €  13´000,00 

x PK3 123030 kWh  €    9´000,00 

Total consumption Ɂ       ����0:K� ½� ��´������ 

(OHFWULFLW\�ELOO�IURP �����������WR ������������-DQ��WR�'HF������ 

The building electrical supply meter grids are, divided into PK1, PK2, and PK3. 

x PK1                   €   92´000,00 

x PK2                   € 162´400,00 

x PK3                   € 105´000,00 

Total consumption cost Ɂ                     ½� ���´400�00  See table 2 

Calculating the share of lighting cost in 20day, workdays in a month of € 0,072 kWh:  

  �������0:K�ï�½������   �½��´������ 

In 250day, work days in a year:  

��������0:K�ï�½�������� �½���·������� 

Making a deduction from the use of light by the cost incurred in the month of December 

2010 and the entire Year 2010, light use took a share of over 24,02% in the December bill, 

and in a year, it consumed about 25,and 30% of electricity cost. This establishes the fact 

that electricity average takes about a quarter, 25% of total cost of electricity consumption. 

This calls cost-pruning measures. 

 

����� &RVW�5H-HQXPHUDWLRQ��5HWURILWWLQJ /LJKW�%XOEV 

A look at Table 1, show that there are over 5´000 in the entire buildings ‘������·�EXOEV�
�830-lumens/58-Watt). The 58W bulb is old fashioned and outdated.  As a critical area for 

strategic reduction, the purchase of energy saving bulbs is compelling, that are more 

efficient are readily available, with enduring life cycle, and. gives as much more radiance. 

The return on investment (ROI) is pellucid, and that is value twice as nice. 
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If the bulbs are 830/30 i.e., 830-lumen by 30-watts, the cost would have almost been 

halved. Comparing; 

���:�ï��´����EXOEV�ï����K�ï�½������� �½���� 
 ���:�ï��´����EXOEV�ï����K�ï�½������� �½���� 

This would save at least € 120 a day, and in a single month of 20 workday = €2’400;  

and estimated at least € 120 a day, and in a single year of 250 workday = €30´000. That 

would mean saving about 8% in savings. Applying this reduction effort would be beneficial 

to the finances of the campus, as well as greenly efficient, by replacing wattage above 30 W.  

The building calculated lighting electricity use in a month of a 20-work day.  

Total consumption Ɂ �������0:K�   ½��´206��� 

The calculations, and other miscellaneous of the unaccounted for consumption, 

presumably indicates that lighting consumes over 25% total energy cost in January and all 

year round. Since conditions vary from month to month, remembering that the cost of 

lighting comes with at peak charges on electricity, we could argue that most lights are not in 

use at close hour in the school campus. 

During the M&T, phase in an attempt to study lights use performed over several days and 

nights studying the visual perspectives, to pin point there were certain shortfalls in terms of 

light patterning, aesthetics and maximizing on high contrast of lightening. The counting 

and assessment of amount of light bulbs and tubes were in the classroom, offices, and 

other rooms, and based on power consumption, reveals that the building is not green at its 

best. Therefore, this would be touched in brief with open with an open end to 

accommodate future review. See chapter 4 discussion of lighting. 

  



55 
 

 
 

��� %XLOGLQJV��9HQWLODWLRQ�DQG�$LU-FRQGLWLRQ�6\VWHPV 

The ventilation systems in the entire TAMK facilities run constantly. The fixed ventilation 

system runs throughout the year, includes the gymnasium and sports hall. In the event of 

use based on personal experience, there has been poor air quality and choking.   During 

summer holidays when academic activities come to a full halt, interestingly the ventilation 

system was constantly running, although at save mode. Savings is minimal as the fan 

constantly pumps air, at constant save mode rate, which can be further regulated for 

efficiency. 

This revealed a significant loophole in energy usage and a potential for cuts. It is possible 

to re-regulate the management of the ventilation system flow with reduction of about 20% 

to 30%, or more. 

What makes the difference is the equipment. The anti-typical rooms are the laboratories 

and computer rooms. Apart from human occupants, the laboratories have equipment 

designed to carry out scientific field works and other chemicals requiring special equipment 

to keep them at special conditions, while the computer-rooms possess large amounts of 

computers than regular rooms. 

Despite this isolated differences the temperature levels within the entire facility is relatively 

around 20–21°C, and constantly under the fixed ventilation system, air levels are not in 

automatic control. Factors under consideration supported by the ventilation system are the 

life activities by the occupants, chemicals in the laboratory. The computer rooms, servers 

and other facilities produce heat levels that are above room temperature, combined with 

human body heat. The ventilation not running at full efficient would mean heating of these 

systems to a level of discomfort, and may lead to breakdown eventually or shorter life 

cycle. In order to regulate air-conditions certain techniques or devices, such as sensors is 

essential.  

During periods of no activity within the campus facility, it is not efficient to shut down the 

entire system daily. Retrofitting from a manual system to a fully automated system using 

CO2 Sensors, would be ideal solution bearing the positive impact it beholds on the 

environment and ensuring energy savings. For detailed discussion of the strategic 

retrofitting and ensuing calculations see chapter 4, under subheading ventilation. 
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��� %XLOGLQJV��CRPSXWHUV 8QLWV 

In the entire Kuntokatu 3, runs mostly of the building run on Mikrolog Osborne desktop 

computers, with Windows 7 operating system. The C-building has one exceptional 

classroom, which has special computer units, of i-Mac systems. The entire Kuntokatu 3 

buildings of TAMK are home to 1514 computers in classes and offices. About 1340 are 

regular towers (desktops) with monitors 174 laptops with more than 90% of them have 

attached a monitor, all these figures according to counts, and query on network verification 

in conjunction with IT department or unit of the university. Each a single tower unit case 

has a maximum power rating of 350 Watts from the manufacturer, Mikrolog; while the 

monitors’ models are all product of Samsung 2240B LCD Monitors, with power 

consumption rating of 45 Watts.  

The laptops vary in makers, but the power ratings are compatible with each other, 65 Watts 

with maximal capacity of about 90 Watts in rating based on power cord output, and about 

90% of laptops users have also in use monitors, of the Samsung 2240B. Personal student 

laptops and visitors were, factored into the calculations with an estimated figure. It is 

typical for some students to come with their laptops hence there should be provision for 

that number as well, little as it maybe be it is worth considering into the perspectives of 

saving energy. (See Appendix on computer type for full details information on computer 

types).  

 

����� &RPSXWHUV�8VDJH�DW�OSWLPDO�3HUIRUPDQFH 'DWD 

An anomalous behaviour of the computers indicated that high energy is required for the 

process start-up. Thereafter a slight fluctuation bringing levels lower. It was realised in the 

readings that computers still used high energy even during inactive use, for example the 

login session display or simply doing nothing (viewing the desktop). It was also detected 

that if the computer is turned on and being in active use, there is minimal difference state 

of inactivity. However, certain type of processes can increase the power usage. 

During the measurement phase, personal equipment used to sample and simulate what 

could be the typical consumption pattern within the facilities, where it was impossible to 

isolate some equipment and make measurements. For example, the restaurant kitchen and 

some offices with coolers or refrigerators, etcetera. The power consumption rate of the 
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monitors measured and towers alongside, together and in single units or isolated cases for 

verification, accuracy and details, with the Energy-Cost-Checker EKM 265 meter. 

The table below gives data of some important measurements taken to simulate what would 

be the consumption of core equipment marked for potential cuts in power use.  

Table 5: Highlights the sampled measurements taken in light of the audit target. 

6HULDO��� 
             'HYLFHV 

7LPH�3HULRG 
�PLQ� 

(QHUJ\�
&RQVXPHG��
�.:K� 

3RZHU�XVH 
:DWW�KRXU��:� 

0D[���0LQ�
3RZHU� 
�:� 

1 

Desktop Tower Osborne 
ProG33-CH Intel(R) 
Core(TM) i7 CPU M 640 @ 
2.80GHz with Monitor 

30,00 0,148 296 

33,4 
 

/ 
 

1135  

2 

Desktop Tower Osborne 
ProG33-CH Intel(R) 
Core(TM) i7 CPU M 640 @ 
2.80GHz without Monitors 

30,00 0,116 232 

3 Laptop Hp Dv Pavillion dv7 
2009 model Windows 7 64bit 450 (7h 30min) 0,467  

62,27 

4 Fijitsu Siemens Laptop 2000 450 (7h 31min) 1,015 135,33 

5 Monlinex Microwave oven 6,00 0,071 710 

6 Rosenlew Refrigerator 1200 (20h) 1,510 75,5 

 

'HYLFH��: Sample represents the general computers in the campus classrooms and offices. 

'HYLFH��� Sample represents the general computers in the campus classrooms and offices. 

'HYLFH��� Sample represents the Laptops using the Windows 7 by staff and students alike. 

'HYLFH��� Sample represents the Laptops more than ten years old still in use by students. 

'HYLFH��� Sample represents the microwave oven in the kitchen and in some staff offices. 

'HYLFH��� Sample represents the cooler boxes and refrigerators in kitchen and staff offices. 

 

����� &RVW�(YDOXDWLRQ�&RPSXWHU�(QHUJ\�8VH  

Calculations for reduction in energy use centred on the computers, being the most used 

electronic device used in the campus, as well as some personal laptops. Based on 

assumption, the computers within the facility are all constantly running for about 5 hours 

in a day. With this idea, a simulation of their energy share can be, modelled in relation to 

the monthly and yearly bills. Therefore, estimation over a 20-day period in a month and a 

250-day period in a year, of assumed peak activities, taking into consideration holidays to 

simulate the proportion of computer energy intake.  
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7RZHUV��GHVNWRS��DQG�PRQLWRUV� 

�����ï�������N:�K�ï����ZRUNGD\V��D�PRQWK�� ���������N:K�Ɂ�����0:K� 

1340 × 0,296 kW/h × 250 workdays (in a year) = ������N:K�Ɂ�������0:K� 

7RZHUV��GHVNWRS��ZLWKRXW�PRQLWRUV� 

�����ï�������N:�K�ï����ZRUNGD\V��D�PRQWK�� ���������N:K�Ɂ�����0:K� 

�����ï�������N:�K�ï�����ZRUNGD\V��LQ�D�\HDU�� �������N:K�Ɂ������0:K� 

Note the difference between using the monitors and not using the monitors over a period 

of one year, there is a difference of about 20 MWh about 5% of the energy use of the 

computer. To get a full calculation and divide the pie, the laptops are also calculated. 

A measurement taken to, obtain the differential with starting the PC towers, with LCD 

monitors and without monitors, simultaneously and severally to reduce error readings,  and 

left over a brief period for computer to stabilize from boot stage to full readiness to use. 

The computer with monitor turned on record gave on average 120 Watts, while without 

the LCD monitor gave a reading of about the 92. A difference of about 30 Watts, adopted.  

/DSWRSV�ZLWK�PRQLWRUV� 

����ï�>�������N:�K��������N:�K�@�ï����ZRUNGD\V��D�PRQWK�� ��������N:K�Ɂ������0:K� 

174 × [ 0,063 kW/h + 0,03 kW/h ] × 250 workdays (in a yeDU�� ��������N:K�Ɂ�����0:K� 

/DSWRSV�ZLWKRXW�PRQLWRUV� 

����ï�������N:�K�ï����ZRUNGD\V��D�PRQWK�� ��������N:K�Ɂ������0:K� 

����ï�������N:�K�ï�����ZRUNGD\V��LQ�D�\HDU�� ���������N:K�Ɂ�����0:K� 

Summing up all factors for one month, bill sample and extended one-year period to buy 

understand the cost implications.  

(OHFWULFLW\�ELOO�DYDLODEOH�E\�January 9, 2011��IRU�WKH�SHULRG�RI������������WR����������� 
The building electrical supply meter grids are, divided into PK1, PK2, and PK3. 

x PK1 106685 kWh  €   7663,04 

x PK2 181054 kWh  € 1´2947,26 

x PK3 123030 kWh  €   8´939,80 

Total consumption Ɂ       ����0:K� ½���´������ 
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Since this is the sum of all electricity usage for this particular month, and considering that 

there are different conditions and electricity usage at different months, it is not wise to 

estimate the energy consumption of December for every other month. Conditions are 

widely different.  Summing all data or figures obtained on computer consumption usage of 

20-day period. However, it is important to get the calculation right. A deduction of ��0:K 

directly from ����0:K�is an absolute incorrect method to approach the calculations.  

Total consumption Ɂ������������0:K�ï�½���07 ½�582�40 

If this appears to be the trend in consumption for a period of 250 days:  

Total consumption Ɂ���������� 0:K�ï�½���07 ½��´280��� 

Although just a moderate estimate of over 2,3% of the energy bills from computers by the 

end of December 31st 2010 and the whole of year 2010, it gives insight and a clearer picture 

of the energy requirements to power the computers, saving measures carried out on each 

individual computer would contribute immensely towards energy savings or energy waste. 

Reiterating, there is no limit to the amount that should be, saved. The focal point is to; 

critically look for loopholes in the energy usage and calculate the pay back on possible 

management methods applicable.  

The Kuntokatu 3 campus has nearly over 45% of TAMK computers; 1514 is networked 

computers in classrooms, laboratories and offices, and nearly all networked. The estimated 

energy consumption of these computers is over 420 kWh/day of daytime occupancy based 

on the modelled power consumption data above.  

Considering the varying possibilities of savings from computers, it is vital to study which 

particular savings method would soothe each building sections and classroom. Further 

isolation of each sections of classroom would give the ideal solution best applicable based 

on idle time, and occupant use at intervals. 
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4. ',6&866,21�$1'�5(&200(1'$7,216 

This section deals with all areas investigated which are heat flow, and utilization of thermal 

potentials from the sun as a retrofitting possibility. Other retrofitting avenue for cost 

reduction sake includes major constituent units, the computer units, lights bulbs, and 

ventilation system. 

 

4.1 (QHUJ\�)ORZ�DQG�/RVVHV 

Factors affecting losses like cooling of glasses, which is dependent of outside temperature, 

needs no action is necessary to offset this condition. Nonetheless, there are special glasses 

that absorb sunlight and reflect then on the side. Glasses can be a source of thermal 

radiation. This area also opens future window of research in sustainable building 

development.  

Utilization of sunlight radiation, maximizing the potential in order to choke losses, is a 

good way of starting retrofitting on heaters. The installing solar based radiators can be an 

alternative way to maximise sunshine hours in the months of mid-January to late autumn, 

were radiation is significantly intense. This area is open for future research studies.  

According to data obtained about the solar irradiance level on Finland, the cartography 

indicated a less than 1400 kW/m2 per annum. Comparing the data obtained from NASA’s 

PDS�RI�ZRUOG�VRODU�SRWHQWLDO�DQG�WKH�-RLQW�5HVHDUFK�&HQWUH��-5&�ȥ(XURSHDQ�&RPPLVVLRQ��

Drawing a logical estimate of solar radiation on a cloudy day in Tampere would other be 

around 600–700W/m2. 

With this data information on mind, equating the radiation potential to every glass in the 

buildings, meaning a lot of energy potential from if captured at point source. To illustrate 

with the windows on building A from the following calculation below, sampling with 

window unites of A-Building could capture as much as. 

trayonnemenP = 900 doorswindowsS
m
W

�u2  = 900 2
2 543m

m
W

u = 488,7 kW 

If we estimate the window and glass unit of the whole of the campus, presumable modest 

500 kW per building, and estimating that over nine buildings would amount to 4500 kW. 

This amount of energy in five hours would be dynamos to power many electrical devices. 

We can deduce from that figure the capacity of solar energy potential obtainable from 
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January to August. This area can be, researched upon by way of retrofitting, and reducing 

emission and being renewable resource. Solar glass panel would be an ideal way to retrofit 

into renewable energy. Given the right conditions for good solar radiation, of two to five 

hours a day is a lot of energy. Figure 23 and 24 show the irradiation map across the world 

and Finland. 

 

Figure 23: Finland UDGLDWLRQ�OHYHOV��39*,6ȥ�-5&��(8�&RPP��������� 

 

 

Figure 24: Solar radiation on earth (NASA 2005) 
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Picture 12: Incident sunlight on B floor windows, on a cloudy April day on campus. (Irik Henry, 2011) 

 

 

Picture 13: Incident sunlight on H fourth floor windows, on a sunny January day. (Irik Henry, 2011) 

 

4.2 /LJKWLQJ 

2EVHUYDWLRQV�� Firstly, deductions from January to December 2010 when comparing 

estimates of June, July and August, logically like comparing day and night, means there 

should be difference in electricity demand levels. For instance, the month of June the 

kitchen operates at scanty hours in the day, while in there is temporary shutdown of 

kitchen services in July.  The kitchen was not in detailed studies due to certain restriction 

levels and constant usage and operation of equipment as required. The kitchen electric 

hardware consumption estimates is at least over a modest figure of about 10% of daily total 

energy use. Therefore, if kitchen is not in use in July, it is imperative that in July should not 
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be higher than in June, as shown in figure 22. In this sited example, something must have 

gone terribly wrong in other areas of energy use, which merits attention.  

Another instance of anomalous energy use with Kuntokatu 3 is during off peak period at 

evenings through late nights. While making a match between day and night, like finding the 

different between the very dark period, when there are lights used for more than 19 to 20 

hours of the day, than in, June to August, when the sunshine hours are more than 12 hours 

a day the level of useful energies going to waste are vivid. Picture 14 gives a clear example 

of such occurrences. The lobby is dark, while the staircase on the A-building has lights on 

in some parts.  

The device models in the building; the nature of operations (use), and their position in 

relation to adjoining structures and sunlight reach, gave insight into what possible retrofits 

can proscribed. Analysing behavioural pattern further revealed some of the habits of 

mostly students. The area of critical concern is the building with the densest human traffic, 

B and C Building. B building has the major entrances from the front and back, while C 

Building has an annex entrance close to that of the exit on the Teiskontie stretch of the 

exit, while more importantly, it serves computer block, with the densest number of 

computers and computer users, it is a critical area of wastage.  

 

Picture 14: Energy waste on January 13th 2011 around 20:15 pm in the evening, (Irik Henry, 2011). 

 

x The posted stickers are, not often adhered to strictly. Late hour users leave lights 

on after security and maintenance personnel leaves and officially, closes for the day. 
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x Insufficient or absence of stickers, banners, as reminders in most rooms. 

x There are no motion sensors in older building, only the C-building has the motion 

sensor having been built the most recent, Year 2000, and uses more efficient lights. 

x More action needs to go into campaign and re-emphasized orientation that are 

more compelling.  

 

Figure 25 Share of Peak-period energy demand from Building A to L. 

 

As shown from data above, the highest demand come from B-building, and the lowest 

demand comes from D building. Many savings opportunities can come from C-building 

and B-Buildings during the night as shown by picture 15 and others as well:  

 

Picture 15: Sunlit vs. light bulbs classroom in February (Irik Henry, 2011). 
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/LJKW�9LVXDO�$VVHVVPHQW� Secondly, it appears that the numbers of lights are so much in 

some areas per 1m2. Lighting control switches can be, introduced upon strategic studies of 

luminary distribution in the campus. Introduction of light control based on level of sunlight 

rays incidences, where lights go off if levels of sunlight are high upon rooms. Controls 

designed to suit whatever activity going on at that particular moment or area. 

Having lamps shining even in bright daylights lit up environment raises critical questions 

such as; is the flux from the sun 86(/(66�(1(5*< or can find a way to maximize 

natural lights in a cosy way to 86(� /(66� (1(5*<" Solar harvesters or reflective 

material applied in shapes and dimensions comfortable to the environment and people. 

Some reflective film materials can reflect 90-98%% of incident light, therefore applying 

reflectors can be a way to eliminate strategically need for a lot light bulbs and fluorescent 

tubes. This area is open for research in environmental design and for possible application. 

Introducing control could work for both aesthetic beauty and well as cosy relaxing lights 

needed to work and stay healthy considering the effects of low levels of lights that affects 

this northern hemispheric region, with Seasonal Affective Disorder.  

6DYLQJV� 3RVVLELOLW\: Thirdly, since 90% of our winter activities in spent indoors, Alan 

Berman in his book, ‘The Healthy Home Handbook’, LQGLFDWHG��´WKH�DYHUDJH�VL]H�RI�D�VWDQGDUG�

room on health grounds, needs around 250 to 500 Lux.3 [(Lux=Lm/m2)2 Lm = lumens)]… 

a 36W compact fluorescent lamp (CFL), FDQ� JLYH� DQ� DYHUDJH� RI� EHWZHHQ� ����ȥ�����

/XPHQV��/P��µ� 

Going by the standard of what is obtainable from some light bulbs in use, and traditional 

calculation. 1W = could give a minimum of 1Lm. This implies that for the average size of a 

40 m2-classroom for example would require about: 

40 m2 × 250 Lm = 10000 Lm;  

'HULYDWLYHO\��DYHUDJH�FODVVURRP�ZRXOG�QHHG�EHWZHHQ������ȥ������/P 

Making local application of the calculation, for instance B2-22 is 37,5m2 with 12 stacks 

fluorescent tubes totalling 24 fluorescent tubes of ������.  

 (36 W of) 830 Lm × 24 tubes = 19 920  

If we apply the multiplier effect on every classroom or office the calculations, we can see 

there is more than necessary for every 1m2. But if it is; 



66 
 

 
 

5HWURILWWHG�ZLWK�ORZ�SRZHU�&)/��RI�����ȥ������WKHre are additional saving potentials.  

 10 tubes (bulb) × 1600 Lm = 16000 Lm 

The calculation means fewer bulbs, more energy efficiency, and brighter luminosity.   

Lighting control can be a way to counteract waste. Areas where sunlight is conveniently 

dominant cannot have light bulbs turned on which relative has little or significant 

brightness against the sun. Moreover, it is a reckless waste, and abandonment of the natural 

given light that we need to function better. Human existence depends more on natural 

light! 

Lastly, occasional cleaning of lamp covers, and silverfish reflectors off dust will maximize 

luminescence. If vital steps are, taken towards implementing the methodologies of savings 

herein recommended, are applied. Theoretically, the savings are minimal, but in practised 

projected savings could reach over 30%.  

 

��� 9HQWLODWLRQV 

The ventilation systems all over the building is further redeveloped and programmed to fan 

the environment based on occupant and air density, while retrofitted with the air density 

based sensors, such as CO2  Sensor, the ROI effectual on savings would be far reaching. 

 

����� %HQHILWV�RI�&22 5HWURILWWLQJ 

Experience of a regulated air-conditioned ventilation system using the CO2 Sensors in an 

environment have proved to be ideal in areas where it is in use and feedback has been 

positive. The motor of the sensor relatively works based on the amount of people and the 

level of heat. The work the people, the high the blade fan spins to regulate circulation, the 

lesser the people, then there is reduction in the spin levels. If heat levels were to be in 

efficient control levels appropriate to room temperature, there would be no need for 

inappropriate amount cold pumped in, and heat radiation or generation increases over 

time. Three main factors can be isolated from using the CO2 Sensors retrofitting measures: 

x More energy conservation and efficiency 

x More environmentally friendly 

x Reduces Costs 
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����� 7KHRU\�DQG�3UDFWLFDO�$SSOLFDWLRQ� 

There are two types of ventilation systems. (1) The fixed ventilation system, which has long 

been the system first introduced with worldwide application. However, with technological 

revolution and innovation, more energy efficient applications have now been ushered into 

the HVAC systems. (2) Demand Control Ventilation (DCV) systems are the modern 

approach, supply according to demand.  

Humans exhale Carbon dioxide (CO2) at predictable levels, making CO2 vital indicator of a 

room’s ventilation needs based on density of occupants in the room. Increasing the 

potential for sustaining efficiency in control of a ventilation system using Demand Control 

Ventilation (DCV), drastically reduce the total energy consumption depending on the CO2 

levels in that room. (Carbon dioxide CO2, used as a reference point, being the gas with the 

highest emission levels at a relatively constant value of 0,005 Ls-1). 

The entire Kuntokatu 3 campus buildings operate on a constant ventilation system. 

Pumping air at a constant rate based on the maximum occupancy levels requires a huge 

amount of energy to drive the fans and condition the air to comfort levels. 

DCV system uses on a series of on-board different Sensors with capabilities to monitor the 

condition in the room, while its loops back information to the Board DCV zone controller 

providing information in real time. The controller adjusts the speed rate of the Airshaft to 

fan air in relation to CO2 levels, to suit the environmental conditions and density of 

occupant.  DCV also amplifies the effectiveness of the ventilation system, reduces energy 

consumption, and increases the efficiency. The picture 16 diagram illustrates this vividly 

shows CO2 Sensor Air Ducts and Controller. 

 

Picture 16: Quietflow DCV CO2 Sensor  Controller, (Fantech Australia). 
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����� 3URFHVV�)XQFWLRQDOLW\ 

The number of people varies considerably from time to time through the day on 

Kuntokatu 3 campus. During day’s activities, the ventilation works at full power, and 

constantly at night. Resolving this difference and bringing harmony with level of usage to 

suit each period forms the core strategy to bring about energy change to save no waste. 

x Installing the sensors in each room in every building; 

x Sensors monitoring based CO2 levels induced partly by the density of occupancy; 

x  Installing valves in the inlets, which passes through main air ducts or pipes, 

subsequently adjusting airflow-in into and out of the room based on sensors’ data; 

x Controlling and reducing airflow when necessary in the main ventilation shaft and 

pipes, thereby effecting energy use changes in the ventilation electrical generator. 

 

Figure 26: Example of an office building with CO2 sensor in the return air duct of its air handling units, and 

adjustment by DCV based on occupants. (by Manitoba Hydro) 
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����� 9HQWLODWLRQ�5DWHV�DQG�6WDQGDUGV 

The typical unit used litres per second (ls-1). The ventilation rate can also be expressed on a 

per person unit floor area, such as CFM/P or CFM/Ft2, or as air changes per hour. ANSI and 

$6+5$(� 6WDQGDUG� ��ȥ������ YHQWLODWLRQ� IRU� DFFHSWDEOH� LQGRRU� DLU� TXDOLW\� VWDWHV�� ´WKDW�

appropriate ventilation guidelines are 9,2 ls-1 per person in an office building, and 7,1 ls-1 per 

person for schools. In commercial environments were tobacco smoke is taken into 

account, then ventilation rate may change from 12 ls-1 to as high  as 59 ls-1�µ� 

 

����� &RVW�5HGXFWLRQ�3RVVLELOLWLHV 

The value of retrofitting on the ventilation presented below; gives insight into the different 

strategic methodology or approach in evaluating saving potentials if adopted. Comparison 

based on the annual electricity consumption, the monthly average, and with the highest 

month December. 

Total amount paid in year 2010 =   € 359´400,00  

Monthly average paid in year 2010 =   €   26´200,00 

December period billing  =   €   32´140,00 

Saving potentials on DCV (est.) =   €   32´000,00 

Although, the field experimental checks within the building are open for re-verification 

should DCV be retrofitted for the current fixed ventilation system.  However, using the 

value standard given is very close to conditions within the Kuntokatu 3 campus with 

ignorable differential factors. Federal Energy Management Program of the US stipulated 

WKDW�´KH�SRWHQWLDO�RI�&22-based DCV for energy saving is estimated at about $0,05 to more 

WKDQ�������SHU�VTXDUH�IRRW�DQQXDOO\�µ 

1m2   =  10,76ft2 

$0,10 ($0,05)  = € 0,08 (€ 0,04) 

Area of Kuntokatu 3 = 39460 m2 

Estimated savings amounts to 39460 m2 × 10,76ft2 × € �����Ɂ�½���´000,00 to € 34´000,00 

per annum, this far exceeds the initial projected savings of € 32´000,00.  Deducting this 

from the consumption in 2010 of would mean more than 5% to 11% of the cost of 

electricity savings in that single year.  
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����� &RVW�0DLQWHQDQFH�DQG�'HVLJQ�&RQVLGHUDWLRQV 

Due to nearly over, 60´000 sensors released annually prices have are plummeting now at 

nearly 50% over the last several years. Sensors typically cost about €200 to €208 

uninstalled. For a new system, the installed cost will generally be about €480 to €560 per 

zone. For a retrofit system, the cost will depend on what type of control system embedded 

in the buildings. Retrofit installation based applications estimates cost €560 to €720 per 

zone for systems with an existing DDC programmable controller, and from €720 to €960 

per zone for systems with pneumatic, electronic, or application-specific DDCs.  

Design considerations CO2 sensing is a simple technology. Including CO2-based DCV in a 

new HVAC installation should not add significantly to the difficulty of commissioning the 

system. However, retrofitting an existing HVAC system for DCV may be more problem-

atic, particularly for an older system with pneumatic controls. Applying a CO2 based DCV 

strategy using ASHRAE 62 is more complicated than simply installing CO2 sensors and 

using them to control dampers. In variable-air-volume systems, complex calculations and 

control algorithms may be necessary to program the control system properly for DCV.  

The use of a more complex control algorithm often provides increased savings and 

improved IAQ; while it increases the level of commissioning, the results out weigh the 

extra initial time and expense. Manufacturers offer sensors that recalibrate themselves 

automatically and due for re-calibration only after 5 years. Periodic calibration checked is 

vital for comparing sensor readings during a several-hour period when the building is 

unoccupied with readings from the outdoor air. Many sensor models do sense calibration 

problems and alert maintenance personnel if they are malfunctioning. (U.S DOE, 2004)

 

Figure 27: Ventilation adjustment to meet actual occupant chart saving using DCV (by Manitoba Hydro). 
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4.4 &RPSXWHUV 

All computers can be set to auto shut down during non-open hours. The argument of 

updates cannot implemented is not justified as against the Windows XP OS platforms. 

With the use of Windows 7, which collects updates automatically overtime, constantly 

requires windows to shut down and restart with certain updates. In fact shutting down 

allows for updates installation automatically. 

To optimize operating system for energy saving:  ensure all computers are these are set to 

‘Classic’. Ensure that all computers have the Aero turned off to decrease the demand on 

graphical pressing (done in some computers). 

Tweak the operating system and network to perform preloading of non-essential software 

and command lines, e.g., disabling the indexing feature.  Transition to virtualization and 

thin-client may be, considered and tested. 

 

4.4.1 &RPSXWHU�(QHUJ\�6DYLQJ�2SWLRQV�DQG�3RZHU�0DQDJHPHQW� 

Since nearly all, the computers run on the Windows 7 operating systems, which have a 

decent power saving utility, notably with the SCCM R3, which contains power option 

manager amongst other. The power option found in the control panel allows for the 

following energy saving settings: Dimming and sleep mode, putting the computer tower to 

sleep, hibernating the computer and deactivating hardware components like the hard disk 

drive.  

There are no indications of extensive power management on the computers. The 

computers are not in energy saving power plan or option constantly running on high 

performance till-date. This tends to favour certain operations and graphical drawings. 

However, a review of certain classrooms can function with other works while using the 

energy saving modes. It is imperative to subject the computer units to a power saving plan 

if, reducing energy costs and carbon footprint is core to the entire TAMK establishment. 

The Windows 7 software system maybe incorporated for example with the System Centre 

Configuration Manager 2007 R3 (SCCM 2007 R3). Certain power options in consideration 

can make it possible to make required energy saving changes. 

6OHHS�PRGH��If activated, all open programs, documents, and files are in preservation in 

the system RAM pending when the computer is touched for use, while the rest of the 
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system is power goes off. In this state, the level of power used to run the memory of the 

PC, is a few watts per hour from the monitor or tower. The primary benefit of sleep is that 

it resumes very fast, whereas most system resumes from sleep in less than 2 seconds.  

+LEHUQDWLRQ�� Under this activation mode, the opened programs, documents and files 

copied on the RAM are deposits unto the hard drive; the resulting file is Hiberfile, then the 

PC system powered off afterwards to zero watts, (0 W).  

6KXW�GRZQ��This is turns the computer off and nothing is committed to the memory or 

disk. The system re-boots when next power is turn on.  

 

Figure 28: Comparing different power option modes Vs. Time. The graph indicated very fast activation on 

the sleep to resume (less than 3 seconds) (Steven Sinofsky, 2009). 

 

4.4.2 &RPSXWHU�3RZHU�3ODQ�RQ�6DYLQJV�&DOFXODWLRQV�.XQWRNDWX�� 

Currently, as mentioned the computers are set to high performance mode. Only the screen 

display is isolated for a while as indicated in the settings, while computer never goes into 

sleep mode. The monitor display goes is off after 15 minutes of idle operation. These 

systems maybe adjust based on classroom type, or activities. For example, some computers 

used teaching and presentation can be switched to power saver, since presentation and 

internet, browsing does not require full processor capacity to run task. Computer is typical 

engineering block used for designing and graphic and rendering can operate on high 

performance levels, with adjustment that tally with needs and idle time. In order to meet 

goals of saving, power saving adjustments needs to me maximised. 
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Figure 29: Screen capture of [Power Options] performance plan settings of Windows 7(TAMK, 2011) 

 

 

Figure 30 Screen capture inefficient high performance plan settings of Windows 7. (TAMK, 2011) 

 

6FHQDULR��: Calculating idle time operation, meaning no one is using the computer, energy 

goes wasting away this would add up to a loss of: 296 W × 0,25 h (15 minutes) = 74 Wh. 

6FHQDULR��: When visual display goes off, a calculation of waste after 15 minutes settings 

above, the loss amounts to something like this: 232 W × 0,25 h (15 minutes) = 58 Wh. 

6FHQDULR��: Given that scenario 2 applies for the rest of 19 hours non-constant idle use we 

would hDYH�VRPHWKLQJ�OLNH�WKLV�DV�ORVV�������:�ï������K� ������:K�Ɂ�����N:K 

6FHQDULR����If computers were to be sleep mode for just 5 minutes of the entire 19 hours 

of wasted non-use energy, the savings would be:  232 W × 0,0 83 h (5 minutes) = 19 Wh.  

6FHQDULR����If computer were to be in sleep mode for at least half of the idle 19 hours of 

wasted non-use energy, the savings would be  ����:�ï�����K� ������:K�Ɂ�����N:K� 
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Figure 31: Power consumption of the computer a various states to indicate saving potentials of activation the 

sleep mode. 

 

Based on sporadic use of computers throughout the day, for example with a three 30 

minutes interval of use through the day, a total of 1,04 kWh in 4,5 hours in consumption, 

nearly quadruples the power needed to run similar operations. (See diagram below) If the 

VOHHS� PRGH� LQ� FKDQJHG� IURP� ´1(9(5µ� WR� ´�� PLQXWHVµ� RQ� WKH� SUHYLRXVO\� PHQWLRQHG 

similarly occurring scenarios with all 1340 networked Desktop computers for each day of 

the month, the power saved is estimated at: 1,04 kWh × 1340 × 20 days = 28 MWh per 

month and for 10 months ����0:K�SHU�\HDU��ï�½����� amounting to € 19’600,00. That is 

worth considering in daytime savings.  

  

Figure 32: Comparison of computer energy consumption when entering sleep mode within 90 minutes and 5 

minutes with three distinct intervals of 30 minutes activations. Total daily power consumption inputs shown 

on the far right. This is simulation pattern is for descriptive purpose only. 
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This method would the best implemented in the computer labs and offices, while longer 

idle time countdowns may be suited for the classrooms and laboratories. To optimize 

energy savings different idle time test could be, performed in all classrooms.  

If the 9,5 hours sleep settings were in application mostly during the night when the campus 

is closed, until the time students usually arrive, i.e., 22:00 pm to 7:30 am, apply the 

nighttime electricity charge to keep savings at a relatively modest figure. A cost benefit 

analysis of such simple settings, at the average rate of € 0, 72 per kWh would amount:  

2,2 kWh × € 0,72 per kWh 

ï������GD\V�§�½��� a month; 

ï�����GD\V�§�½���� a year. 

2Q� HDFK� FRPSXWHU, these estimates did not take into account the laptop counts. The 

calculation was give insight into continual improvement method could achieve in reducing 

cost over time. 

The day and night savings put together could produce as total saving of about 18% from 

the total electricity energy spending in December of 2010. Why there are many saving 

strategies to discuss, like KLEHUQDWLRQ, WZHDNLQJ, DXWR� VKXWGRZQ�� WKLQ-FOLHQW�
DSSOLFDWLRQ��shall be discusses briefly in order to keep the information in this document, 

only few options are in the highlights of the discussion. Nonetheless, if critical initiatives to 

improve and policies achieve some set recommendations well streamlined across all border 

of the school working tiers, it is possible to attain a savings factor up to 10% that would be 

overt € 3’000,00  every single year with more possibilities open for improvements. It is 

important that this energy is unused or wasted energy. Rather than 86(/(66�the energy, 

we should engage in the make shit of 86(�/(66 energy. 

 

4.4.2.1 +LEHUQDWLRQ�DV�,GOH�7LPH�6DYLQJ�0RGH 

Hibernation is a little different from shutdown in terms of boot time, and power 

consumption. It is more convenient to resume work after at any given time. This is best 

suited for the laboratories computers. For example, a computer used to read 

spectrophotometric data. This would be easier to use than a strict method. However, with a 

more efficient protocol in place users may be more inclined to shut down.  the computer 

when not needed.  
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4.4.2.2 $XWR�VKXWGRZQ� 

Currently computers cannot shutdown automatically, based on the savings mode of ‘Never’ 

adopted by the IT department. Over 80% of the computers are constantly on. Based on 

the calculations already made concerning switching to sleep mode when idle, we can 

intuitively understand how much savings in cost, if computer were to shut down 

automatically when idle at certain time of the day or night.  

Although the school closes at 20:00 leaving access only to the C-building until 22:00, it 

would be more practical to turn off the computers around 19:00 or earlier when the 

amount of occupants in the building decreases. The shutdown sequence can be set on a 

timer, so that anyone using the computer can cancel the shutdown sequence on the 

computer, if in use, with a cancellation allotting a maximum extension of one hour. 

However, a slight nuisance this would ensure that computers are used only when needed 

and informs users conscientiously about time. Raising awareness by hand bills or wall 

stickers would pay-off.  

 

Figure 33: Re-start scheduler in Window 7 without ‘Postpone’. Future design interface made to work similarly 

for shutdown scheduler options. 

 

������� 7ZHDNLQJ 

Tweaking is optimizing the use of the system software such as the operating system, to 

increase system efficiency and therefore save energy. Example of tweaking can be changing 

the visual theme to classic, which is simpler, and less demanding on the processors, turn 

off aero to decrease demand on graphical processing (which has already been done on 

some systems as noticed). Tweak of the operating system and network not to perform 

preloading and non-essential software and common lines, e.g. disabling the indexing 

features.  
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The search index services in windows 7 will keep track of files so they can are found 

quickly when asked later. For occasional file searchers the search index service in Windows 

7 is a total resource hog, it unknowingly eats up system resource. (Max CDN, 2011) 

 

4.4.2.4 6ZLWFKLQJ�WR�7KLQ-FOLHQWV 

Thin clients are low power computers used as an interface for a monitor and input devices 

with a server, which runs virtual desktop for users via the network. TAMK makes use of 

the Citrix system. The virtual desktop is a fully virtualized operating system, meaning that it 

does not need to run by means of a physical PC next to a monitor, but can run essentially 

as a program on a powerful server through the network, and transmit the interactive user 

interface on screen, see figure 34. A single server (also a PC) can host a dozen virtual 

desktops with no noticeable difference to the user, and with light ‘online’ operating 

systems, this number can reach over a hundred clients served. The benefits are:  

x To make a computer as efficient as possible, it should be carrying out useful 

operations it is purposed for; Servers would be utilized to their full potentials at all 

times shutting down individual servers down when they are not needed.  

x The amount of energy a thin client uses is very low, and the power the server 

utilises is much lower than the power consumed by individual desktops. 

x Most desktop computers are far more powerful than necessary to perform task 

other than design for example with AutoCAD, CAD, Photoshop and other 

engineering or design software when compared with most computers used in 

certain quarters used to perform basic task like word processing applications, 

spread sheets, Facebook or YouTube, which is the most common. 

x Computers are centralized. Thin clients do not need radical upgrades changes in 

computer input technology. Upgrading is easier, cheaper as on servers would need 

upgrading. Maintenance is also faster.  

More studies that are detailed will be required to assess processing power necessary to run 

all application that the campus has licenses for and discern the peak processing power 

needed especially in terms of applications requiring high video card performance such as 

AutoCAD, CAD, etc. 
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Figure 34: Connection diagram of a thin client network, ‘Semi-virtualised workstations. (Clear Cloud, 2011) 

 

Currently the amount of energy used by each computer is high; the CPU unit splits across 

users through the virtual-desktops to nearby computers, creating a cloud network; making 

‘weak computers’ into a powerful server by connecting them together. In light of these 

possibility, a more permanent and robust solution would be to purchase a dedicated thin 

client PC (also called a plug PC) with enough processing power and RAM to transmit any 

data to-and-fro a server to make the connection indistinguishable from a regular desktop. 

The thin client PC on the market today can be purchases for about € 100 and uses only 

about 3 Watts at maximum load and 0,35 W in sleep mode. 

Thin clients have the potentials to reduce power consumption of computer by tenfold, 

compared to current levels as modern hi-tech servers, will be capable of performing more 

floating points operations or FLOPS per Watt than the low-end consumer PCs commonly 

used today. Also the use of more efficient waster cooling (as opposed to the air-cooling 

Fans and HVAC systems), solid state hard disk drives (HDD), and cloud computing allow 

for more efficient components and operation of hardware. 

 

Picture 17: Plug PC thin client computer which has 1,86 Ghz, equivalent RISC processor, with HDMI-

output, USB slots, Ethernet, mic and headphone ports, weighs 62 grams. (David, 2010) 
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5. 6800$5< 

The project tagged as energy conservation opportunity-TAMK (eco-TAMK), as it forms 

the core of the energy analysis, and ensuing campaign to accomplish recommended 

measures. This seems to be a maiden project of its kind performed at this simplified 

detailed level. To reach the efficiency level, the energy conservation measure must echo 

visibly loud, with enough belief that design, environmental arts and aesthetics would 

contribute at helping people more aware of the goal. The realisation of this would be from 

the co-tagged strategy that highlights the bottom-lineȥ energy cost reduction 

opportunities-TAMK (ecro-TAMK). 

Imperatively, it implies that to obtain suitable clean water from TAMK corridors or toilet 

for every 50cl fetched, 1L has gone to waste, bringing the waste factor to a ratio ���. This is 

similar for electricity use, when critically analysed. By mere observation, there are many 

areas of waste, which can become strong areas of energy conservation.  

Although not mentioned in the focus of the audit work, water is a typical example that led 

to such a derivative of more than 50% of energy resources not used 86()8//<. A 

typical example to quantify how much is of water goes to waste. In the shower, toilets and 

urinary, gym, dishwasher at kitchen and kitchen facilities, are area of huge losses etc. The 

kitchen department needs to be isolated examined under special studies. 

However, measurement of water flow along the corridor, or toilet taps, revealed that  it 

takes an average of about eight seconds (8s) to spill about one litre (1L) to waste.  Typically, 

everyone waits for some amount of time for assumed unhealthy water to flow off in order 

to get presumably, cold healthier water. In some areas, the cold water level suitable for taste 

comes after 30seconds or more. The maximum about of water fetched into the bottle or 

cup drinkable on the go by anyone is a maximum of fifty centilitres (50cl). 

Although just a superficial of the potential in energy saving measures, this issue dealt with 

in this report have shown that there is a potential of about 20% off the yearly electricity 

bills by changing computer energy settings. Switching to more energy efficient light bulbs, 

turning off lights when not in use, and installing the CO2 sensors in controlling the HVAC 

systems. The initial projection based on the summary of chart given below pre-audit 

retrospections. Based on monitoring, it is can be assumed that more than half of the energy 

consumed is not used at all, or cannot be accounted for in real useful works thereby goes 

to waste. 
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Picture 18: A case study of typical energy waste during daytime in classrooms, sample classroom is on fourth 

floor- of B-building showing a classroom on B4 with lights for over 2 hours. Lower picture is toilet lights left 

on for nearly all day on the fourth of H-building on in the during M&T phase in February. (Irik Henry, 2011) 

 

 

Figure 35: Energy saving projections based on observable and theoretical analysis of potentials of savings. 
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The achieved savings post-audit calculations after realistic practical works. However, these 

figures are modest and showed great signs of further improvement potentials. 

 

 

Figure 36: Energy saving realised from practical measure outcome based studies. Figures adjust in order to 

avoid ambiguity with easy to carry out retrofitting technologies and savings recommendations. 

 

With this assessment findings, and evaluation of expenditure of energy cost in year 2010, a 

benchmark figure ideal henceforth can be total energy of €350´000. In addition, because 

cost of electrical energy is nearly uniform all year round, measures need to be in place to 

cub summer excesses or waste. Where cost exceeds this amount, then it signals the facility 

management to starts new modalities to checkmate waste areas. Splitting figures into 

quarterly values, new targets can be set, whereas every four months electricity cost should 

not exceed € 87´500.  Projections done bi-monthly to speculate what is the trend in 

consumption. On discovery of increment, proactive steps taken through the 86(/(66�RU�
86(� /(66� (1(5*<�� campaign must ensure the set target of not exceeding the set 

target value.  

Finally, the above clearly indicated a successful audit with energy conservation potentials. 

With a pragmatic approach of the recommended saving strategies and retrofitting 

possibilities, a factor of 20% savings on yearly energy cost is a minimum achievable value. 

In any energy assessment work, the assumption is that there are many observable changes 

needed in the infrastructure and its energy uses for which the main reason for assessment 
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for continuous improvement. Along with the planned objective of reduction in energy use, 

or eliminating waste where possible, there has to be constant reminders to the facility users 

about their energy use footprint, while discovering 86(/(66 energy, likewise compelling 

to 86(�/(66 energy. 

 

Picture 19: Eco-TAMK energy efficiency campaign is environmental awareness initiative, aimed at making 

facility users conscious of the energy use footprint, as to whether it is friendly enough. (Irik Henry, 2011) 
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