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1. Overview 
 

This document contains the second and third year results of occupant energy consumption of 

selected dwellings from the Housing Innovation Showcase (HIS) developed by Kingdom Housing 

Association (KHA). It also includes discussion over the results obtained and how these will be used to 

further analyse the properties in a longitudinal manner.  

The sample size used in this review of energy performance is representative of the construction 

methods and aspired sustainability and energy efficiency standards implemented at the design stage. 

Previous documents produced by the research team reported on all the properties (twenty seven) in 

the HIS development, however this and future reports will be reporting on thirteen homes in the 

development. This sample size includes one dwelling of each of the ten blocks in the development 

and three relevant homes that are key to the on-going research. 

The results show that during years two and three there have been substantial developments in the 

consumption of energy. Many can be explained through the changes in occupation and others need a 

better understanding of the building fabric and operation of services over time. Although the 

changes observed in the last three years of occupation are small, a pattern and relationship begins to 

emerge that in the long run can have significant impacts on carbon emissions and living costs. 
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2. Context  
 

The Housing Innovation Showcase (HIS), developed by Kingdom Housing Association (KHA) 

comprised of twenty seven dwellings of varying size and form, using ten different construction 

techniques; twelve flats with communal gardens, and eleven terraced houses and four bungalows. 

The study is being conducted by the Scottish Energy Centre part of the Institute for Sustainable 

Construction at Edinburgh Napier University.  

Prior to handover in the summer of 2012, fabric performance evaluation took place.  Post-handover 

included energy consumption after the first full year of occupation and subsequently in the second 

and third year. The study focuses on space and water heating consumption, although electricity is 

also monitored to recognise the impact of appliances against house type benchmarks. Fabric 

performance assessments took place in the winter months of 2014 and it is expected that the same 

set of tests will take place again in winter 2016, hence creating an annual and bi-annual energy and 

fabric testing schedule. 

3. Associated documents 
 

- Housing Innovation Showcase, Building Performance Evaluation, Phase I, Part I – May 2014 

- Housing Innovation Showcase, Energy Demand, First Year of Occupation, Phase I, Part II – 

November 2014 

- Conference paper - Energy Performance Evaluation of a Passive House Built To Scottish 

Building Standards, 40th AIHS Congress on Housing – December 2014 

4. Introduction 
 

The results in this document show the differences between the first, second and third year of 

occupation, observing primarily the properties that have increased or decreased their consumption 

and the trends associated to these. Handover took place in the summer of 2012 hence the first year 

of occupation concluded in the summer of 2013 followed by the second year in 2014 and finally the 

third year in 2015. 

Little changes have taken place in the sample size and its demographics.  Luckily no changes have 

been observed to the original occupant tenancy with no turnover occurring to the original heads of 

family since handover in 2012. Some tenants have experienced changes, for example new born 

arriving into families, departure and arrival of partners with some living there intermittently. It is also 

evident that resident’s employment status has changed and/or health problems have influenced 

patterns of occupancy. Similarly some younger children are now at school for longer hours in the day. 

These occupant changes have an impact on energy use, recorded in the next resident interview 

period in the winter months of 2015.  

This document is important because it shows the recurring energy demand of these properties 

throughout the last three years of occupation since its hand over. The focus has been on the use of 

energy for heating, primarily for space and water heating. This document reports on total energy for 

heating reflected against the initial compliance calculations using SAP2009. The efficiency of both 

water heating technology and the envelope will reflect on its approximation to the design 

calculations. The Phase I, Part II document has reported on the first year variances between actual 

energy use and initial aspired design calculations. The majority of dwellings rely on gas for their 

heating, however there are two properties that have an air source heat pump (ASHP) which uses 

http://www.housinginnovationshowcase.co.uk/media/3e8205c5dfb26350ffff8111ffffe417.pdf
http://www.housinginnovationshowcase.co.uk/media/c6b53c7a6d6d63a3ffff804effffe415.pdf
https://www.dropbox.com/s/n8p5cg4cdbm7vs6/Energy%20Performance%20Evaluation%20of%20a%20Passive%20House%20Built%20to%20Scottish%20Building%20Standards.pdf?dl=0
https://www.dropbox.com/s/n8p5cg4cdbm7vs6/Energy%20Performance%20Evaluation%20of%20a%20Passive%20House%20Built%20to%20Scottish%20Building%20Standards.pdf?dl=0
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electricity. Many properties also use electricity for water heating in the form of electric showers, 

immersion heaters in water cylinders (for back-up), and through heat recovery from their mechanical 

ventilation system (MVHR). Some of that energy will come from the variety of renewable technology 

installed but the majority will come from metered mains supply (delivered energy). Total energy 

demand and production from metered technology and mains meters has been recorded but the split 

and alternating use of this energy wasn’t. Sub-metering each technology is out of the scope of this 

research. 

5. Methodology 
 

The methodology for the retrieval of energy demand data has remained similar, details of which are 

mentioned in the associated documents. However there have been some preferences adopted which 

need to be mentioned. Previous energy data was primarily retrieved from the installed In-house 

Display (IHD) units, which record hourly energy consumption, predominantly electricity, gas and in 

some dwellings a renewable or MVHR energy consumption. This data is useful as it can give an 

indication of occupancy in an hour-by-hour basis; useful for understanding consumption patterns. It 

was noted that in the previous property survey that some IHD units have had some prolonged 

miscommunication periods (weeks and months) due to accidental occupant switching off and others 

that are hooked up to the on-line portal have been disconnected, making it impossible to download 

remotely. Added to this, some occupants (a minority) have also questioned the research team’s bi-

annual visits and have expressed some discomfort, particularly after three years post-handover. For 

these reasons there has been a larger reliance on retrieving annual conventional gas and electrical 

meter readings, particularly gas as the meters are accessible without tenant contact. 

6. Results & Analysis 
 

The following results reflect the annual totals associated to the thirteen properties that are part of 

this study. An analysis on the operational carbon impact these changes have on the environment has 

also been highlighted. Important too, is how energy use has an impact on cost to the tenant. 

6.1 Electrical energy consumption 
 

Electrical demand during the second and third year of occupation has shown minor changes in the 

average figures for the thirteen properties. As reflected in Figure 01, the estimated average 

consumption as stated in the associated documents and by Yohanis (2012) & Yohanis et al. (2008) is 

just below 3,700 kWh/yr compared with the first year of occupation showing a lower figure of 3,256 

kWh/yr. - a 13% decrease, followed by the second year average of 3,375 kWh/yr with a small 

difference of 0.1% between them. The third year average reaches similar figures as the first year of 

occupation with an average of 3,200 kWh/yr. However, these averages are still much lower than the 

DECC averages for electrical energy demand in Scotland (DECC, 2012) of 4,500kWh/ yr. 
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Figure 1: Average consumption of delivered electrical demand against estimated figures and Scotland averages, (n=13) 

 

  

Figure 2: Infographic of the raises and savings in electrical energy demand between year 1, 2 & 3, (n=13)  

Observing the data in more detail it is clear that some properties have increase and decreased their 

energy use during the three years of occupation. As explained in Figure 2 the largest increase in 

energy demand from year one to year two was of 700kWh/yr representing a 32% raise 

corresponding to plot 23 in block 8. It is known that a new partner has been living in the property 

which could explain this large increase. Comparably, the property with the greatest electrical saving 

compared with the first year of occupation was plot 20 in block 7 with a 17% saving equal to 

530kWh/yr. Reasons for this are that the family is much more settled after the arrival of a new born 

early 2013. Year three presents similar high and low uses of electrical energy with plot 12 in block 3 

using 37% more electricity equivalent to 760kWh/yr. The occupancy of this flat increased with 

another adult living in the dwelling. The greatest saving (-18%) came from plot 33 block 10 with a 

reduction of 630kWh/yr. 

Figure 3 below graphically represents the differences between the calculated electrical energy 

baseline at design stage and the first, second and third year of occupation. It can be observed that 

throughout the three years of occupation, ten out of the thirteen properties consumed equally or 

considerably less than the design calculations. The remaining three properties have, since the first 

year, have exceeded the aspirational figures. Two of these properties are heated using an ASHP with 

a considerable prolonged decline in consumption in years two and three. The third property has 

shown a small increase in consumption from the design and is a high consumer because it is occupied 
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by two mature adults and two young adults (18 to 20 year old) who use large amount of appliances 

for long periods of time. 

 

Figure 3: Difference in design and delivered electrical energy consumption - year 1, 2 & 3 

The trend of delivered demand of energy has shown some mixed perceptions. Five of the 13 homes 

have a consistent decline each year. An example of this is plot 5 in block 2, declining by 10% from 

year one to two and 13% from year two to three.  Six properties out of the total thirteen have shown 

an increase of energy in year two with a mixed third year where some remain the same or decline 

back to a similar consumption to year one. The original hypothesis in domestic energy consumption 

studies over time is that year one serves as an adjustment year where there might be high 

consumption with a decline in subsequent years; this has partially been observed but it hasn’t been 

throughout all the properties. A mixed consumption of increase and decrease over time has been 

experienced, partly due to occupancy and domestic appliance use which can be sporadic and 

uncontrolled. 

6.2 Heat energy consumption 

 
Data retrieved for the demand in heat energy shows differences across the first, second and third 

year obtained from In-house display units (EWGECO) and reconciled meter readings taken in summer 

2015. During these periods the predominant scenario has been a decrease in energy demand, which 

can be expected in the second year, particularly as tenants tend to surpass the adjustment period 

and are more familiar with the adequate operation of their home. The subsequent years, follow a 

stable consumption of energy unless the dwellings envelope performance declines and building 

services efficiency drops.  

Figure 4 shows the average consumption for the thirteen properties over the three monitored years 

against the design calculation average and the Scottish benchmark of 2012. It is clear that the three 

year average is 120% higher than the design expectations. The prolonged three years of monitored 

data varies little (±3%) which signifies little change in the occupants heat demand patterns. 
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 Figure 4: Average consumption of delivered energy for heat against estimated figures and Scotland averages, (n=13) 

 

Figure 5: Infographic of the raises and savings in heat energy demand between year 1, 2 & 3, (n=13) 

 

Observing the data in detail, heating demands compared with previous years have indicated 

fluctuations in consumption. Figure 5 has identified plots that have reduced or increased their 

consumption compared to earlier years. Out of the thirteen dwellings analysed, plot 17 in block 6 

denominated the ‘control house’ consumed a total of 5,900kWh in year two (2014) which is 

2,400kWh (-29%) less than the previous year (2013) when the occupants consumed 8,300kWh. In the 

third year (2015), this same property consumed 300kWh more than the second year (2014). The 

property that consumed the highest energy in the second year (2014) compared with the first year 

(2013) was plot 18 in block 7 built to the Passivhaus standard. From 5,875kWh in year one (2013) it 

increase by 15% to 6,750kWh in year two (2014), an increase of 875kWh. During year three, other 

plots showed savings and surges in heating demand. The greatest rise in energy came from plot 23 in 

block 8 denominated as one of the ‘breathing wall’ properties built by Lomond Homes. In year three 

(2015) It consumed 14,250kWh equivalent to 3,740kWh (+36%) more energy than the second year 

(2014) of 10,500kWh. Such surge in energy use is concerning not only because it is a high but also 

because it is close to the Scottish average in 2012 (DECC, 2012). The greatest saving of 1,090kWh (-

12%) came from plot 24 in block 9 from 9,250kWh in year two (2014) to 8,150kWh in year three 

(2015). 
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Figure 6: Difference in in design and delivered heat energy consumption – year 1, 2 & 3 

Figure 6 shows a wider spectrum of the difference in heat consumption since dwellings were 

occupied in 2012 to three years post-occupation. As previously pointed out, all properties have 

exceeded the design expectations. Three out of the thirteen properties have had a similar 

consumption during the three years of occupation, attributed to stable occupancy changes (plots 1, 

19 & 21). Another three properties (plots 16, 23 & 33) have presented a higher heat energy 

consumption than years one (2013) and year two (2014). The rest of the properties have consumed 

in year three (2015) either less or very similar energy than the first year (2013). Some properties (18 

& 20) also show a small increase on year two (2014) in comparison with year one (2013). 

7. Conclusions & discussion 
 

Observing the data retrieved in detail, it is clear that every property has had fluctuations typical of an 

intermittent occupancy. There are some properties that have had a gradual but stable energy 

consumption, similar to previous years. Others in their third year have consumed less than the 

second year of occupation reaching similarly demand to the first adjusting year. There are some 

properties that continue to consume energy in large amounts with increases every year, this is the 

case of the properties using ASHP as their main heat source. This could be due to a variety of reasons 

but can be attained to technology efficiencies dropping, an increase in appliances or their personal 

circumstances changing (health, employment, more occupants).  

The fluctuations in energy use have an environmental impact, dependant on the type of fuel used for 

heating and electricity for un-controlled and controlled appliances. The environmental impact can be 

measured in kilograms of carbon dioxide emitted by each dwelling property, often normalised by the 

properties heated floor space (kgCO2/m2/yr). Table 01 compares all thirteen properties against each 

other and the % difference alongside average figures per household and per year. Once again, just as 

the energy figures have shown, year one (2013) is between 2 to 3 times larger than the estimated 

figures at the design stage. The average environmental impact through the three years tends to 

decrease during the second year against the first year but picks up once again in the third year. 
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Table 1: Normalised (kgCO2/m2/yr) carbon emissions for heating demand  

Block Plot 
Design  
(2012) 

1st year  
(2013) 

2nd year 
(2014) 

Diff (±%) 
3rd year  
(2015) 

Diff (±%) 
Average   
3 years 

1 4 9.11 19.00 19.00 0.0% 19.50 2.7% 19.17 

2 5 11.45 18.79 - - - - 6.26 

3 12 6.48 14.77 13.32 -9.8% 14.56 9.3% 14.21 

4 14 7.23 25.89 21.38 -17.4% 19.21 -10.2% 22.16 

5 16 9.27 20.58 19.65 -4.5% 22.86 16.3% 21.03 

6 
17 11.88 15.70 11.23 -28.5% 11.75 4.6% 12.89 

18 9.05 11.51 13.27 15.3% 12.22 -7.9% 12.33 

7 

19 11.53 37.14 38.53 3.7% 36.80 -4.5% 37.49 

20 6.04 13.70 14.16 3.4% 11.93 -15.8% 13.26 

21 10.02 15.96 15.78 -1.2% 16.45 4.2% 16.06 

8 23 11.44 23.54 20.33 -13.7% 27.46 35.1% 23.78 

9 24 7.30 18.38 17.86 -2.8% 15.72 -12.0% 17.32 

10 33 8.49 22.25 21.84 -1.9% 24.88 13.9% 22.99 

 Average 9.18 19.78 17.41  17.95  18.38 
 

Energy demand fluctuations over time are directly related to cost and carbon emission fluctuations. 

However, it is important to point out that energy savings or surges between years can represent 

financial household benefits or added pressures. Looking at it in the context of payments towards 

household rents, savings on energy can financially separate aspired design consumption and realistic 

consumption over time. 

Table 2 has summarised expenditure over time on energy used for heat by comparing energy 

calculations at design stage with an average over the three years of occupation.   

Table 2: Normalised cost (£/yr) of energy for space and water heating (without Additional Standard Charges) 

Block 
 

Plot 
Design 
(2012) 

1st year 
(2013) 

2nd year 
(2014) 

Diff (±%) 
3rd year 
(2015) 

Diff (±%) 
Average 
3 years 

1 4 110.73 305.80 322.47 5.5% 352.10 9.2% 326.79 

2 5 198.41 405.65 - - - - 135.22 

3 12 131.96 238.49 226.82 -4.9% 263.80 16.3% 243.04 

4 14 89.20 422.95 368.40 -12.9% 352.01 -4.4% 381.12 

5 16 114.22 335.67 338.02 0.7% 418.27 23.7% 363.99 

6 
17 180.20 315.44 238.01 -24.5% 264.81 11.3% 272.75 

18 113.19 224.21 272.60 21.6% 267.10 -2.0% 254.64 

7 

19 195.69 853.77 854.05 0.0% 930.81 9.0% 879.54 

20 81.23 236.28 257.71 9.1% 230.90 -10.4% 241.63 

21 138.36 275.39 287.05 4.2% 318.25 10.9% 293.56 

8 23 171.46 467.47 425.64 -8.9% 611.61 43.7% 501.57 

9 24 109.52 365.11 374.21 2.5% 350.20 -6.4% 363.17 

10 33 128.26 441.80 457.28 3.5% 554.09 21.2% 484.39 

 Average 135.57 376.00 340.17  378.00  364.72 

 

The average calculated expenditure in heating over a year at the design stage for the thirteen 

properties was £135 which is 2.5 times less than the average expenditure over the three years of 

occupation - £365.  This represents £230 more than the calculated at design stage but £200 less than 

the average Scottish household in 2012/13 of £566/ year. The gap in heating costs at design stage 

and the three year average pays for half of an average rent received by Kingdom Housing Association 

estimated to be between £400 and £500 per calendar month. 
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Finally, it is important to point out that comparisons between each household are not a fair 

judgement of the development or of each building systems performance. The data should be 

scrutinised individually against their design aspirations and the particular occupancy patterns. It is 

clear that the largest gap in performance has been set from the onset between the design aspirations 

and calculations and the first year of occupation. Subsequent years will fluctuate marginally in 

accordance with occupancy and efficiency of technology over time, hence the importance of 

continual building maintenance and building services inspections. 

8. On-going research  
 

The selected properties are undergoing continual monitoring in order to produce research in relation 

to expected energy consumption of dwellings over long periods of time. The influences of climate 

change on these properties and their expected resilience over time is a topic of study that will further 

explain how homes need to be fit for purpose from conception to decades during occupation.  

During the months of November and December 2014 the dwellings underwent extensive envelope 

monitoring such as in-situ U-value and air tightness testing, which duplicated the tests made in 2012 

prior and post-handover. The same tests will be repeated in December 2016 in order to compare 

results and observe the changes the homes have experienced.  

Energy consumption data retrieval will continue until the end of 2016 when testing of the homes will 

conclude. It is hoped that this data can be used to further calibrate dwelling models and to observe 

patterns in energy fluctuations over time. 
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