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Abstract:
The reduction of electricity use for heating and domestic hot water in cold climate can be achieved by (1)
reducing the heating loads through the improvement of thermal performance of house envelope, and (2)
using solar energy through a residential solar-based thermal storage system. First, this paper presents the
life cycle energy and cost analysis of a typical one-storey detached house, located in Montreal, Canada.
Simulation of annual energy use is performed using TRNSYS 16 software. Second, several design
alternatives with improved thermal resistance for walls, ceiling and windows, reduced overall air tightness,
and increased window-to-wall ratio of South facing windows are evaluated with respect to the life cycle
energy use, life cycle emissions and life cycle cost. The solution that minimizes the energy demand is
chosen as a reference house for the study of long-term thermal storage. Third, the computer simulation of a
solar heating system with solar thermal collectors and long-term thermal storage capacity is presented.
Finally, the life cycle cost and life cycle energy use of the solar combisystem are estimated for flat-plate solar
collectors and evacuated tube solar collectors, respectively, for the economic and climatic conditions of this
study.
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1. Introduction
One of the most comprehensive studies on solar combisystems was performed within the frame of
IEA-Task 26 [1] by comparing 21 different configurations. The optimization of nine combisystems
under the same climatic reference conditions was performed by computer simulation using
TRNSYS program. Several design strategies were recommended [2] such as: the use of low
temperature heating system like a radiant floor; the increase of the insulation thickness of the
storage tank to minimize the heat losses; the use of energy efficient pumps to decrease the
electricity demand; and the use of stratifying devices and external heat exchangers to maintain the
stratification in the storage tank. A follow up project of the IEA-Task 26 was the European project
ALTENER Solar Combisystems [3]. More than 200 solar combisystems in seven European
countries were installed, documented and theoretically evaluated, and 39 of them were monitored.
A detailed literature review of such solar combisystems and seasonal storage approaches was
presented in [4]. This paper focuses on the life cycle analysis of a solar combisystem used for
seasonal thermal storage.
First, this paper presents the life cycle energy, emissions and cost analysis of a typical one-storey
detached house in Montreal, Canada, where the average annual number of heating degree-days
(HDD) is about 4500ºC at 18ºC outdoor temperature baseline. For comparison, the annual HDD is
2715ºC at 20ºC for Perugia, Italy. Second, several design alternatives with improved thermal
resistance for walls, ceiling and windows, reduced overall air tightness, and increased window-towall ratio of South facing windows are evaluated with respect to the life cycle energy use, life cycle
emissions and life cycle cost. The solution that minimizes the energy demand is chosen as a
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reference house for the study of long-term thermal storage. Third, the performance of a solar
combisystem with a long-term thermal storage capacity is investigated. The system is designed to
supply hot water for the radiant floor heating system and the preparation of domestic hot water, for
one year, using exclusively the solar energy. Finally, the life cycle cost, life cycle emissions and life
cycle energy use of the solar combisystem is estimated for flat-plate solar collectors and evacuated
tube solar collectors, respectively, for the economic and climatic conditions of this study.

2. Life cycle performance of base case house
2.1. Annual energy performance
A one-storey detached house built in the 1990's in Montreal, with the total heated floor area of 186
m2, was used as the starting point in the development of the base case study house [4]. The house
was made of wood-frame structure and brick veneer. Conventional electric baseboard heaters and
an electric heater, installed in the storage tank, were used to satisfy the space heating and domestic
hot water requirements.
Table 1. Thermal resistance of the exterior envelope of the base case house
Component
Thermal resistance (m2·C/W)
Ceiling/roof
6.08
Above-ground walls
4.11
Foundation walls
1.09
Basement floor
0.99
Garage door (Polystyrol)
1.89
Exterior wood doors
0.47
Double glazed windows filled with
0.71
argon, with aluminum frame
Overall weighted thermal resistance
3.37
of all components
Four additional design alternatives of the house were developed from the initial house by
incremental changes to the original house, with the goal to reduce the heating energy use, before
analyzing the impact of the solar combisystem. Under those conditions, and because of limited
measured data in the original house, we decided not to validate TRNSYS results with
measurements. Instead, the energy use of the base case house, as estimated by TRNSYS 16 program
[5], was compared with measured energy use of similar houses in the city. The simulated energy use
was equal to 26,156 kWh (94,163 MJ) or 140.6 kWh/m2 (506 MJ/m2 of heated floor area). These
values are comparable with 123.8±29.0 kWh/m2 of normalized annual energy use monitored by
Zmeureanu et al. [6] in 10 houses built in Montreal between 1986 and 1993.

2.2. Life cycle analysis of the base case house
This section presents the life cycle analysis of the base case house in terms of energy use,
equivalent CO2 emissions and cost.

2.2.1. Life cycle energy use
The life cycle energy use included the total energy input over the entire life cycle of a building and
its subsystems. The life cycle in this study was 30 years as recommended by [7]. Within the scope
of this study, the embodied energy due to the manufacturing of the building materials in the preoperating phase, and the total energy use in the operating phase were evaluated. The embodied
energy of plumbing, electrical, and ventilation systems was not taken into account, as those systems
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were identical in the base case house and in the house with combisystem. The estimation did not
consider the energy used for demolition.
The embodied primary energy that represents direct and indirect energy use to extract and transport
raw materials, and fabrication of the final product was estimated using ATHENA [8]. The total
embodied energy of the base case house was assessed at 566,907 MJ (Table 2), corresponding to
2,697 MJ/m2 of total floor area, and it was equivalent to approximately five years of operating
energy use. For comparison purpose, the results of other studies are cited: Haines et al. [9]
estimated the embodied energy of a single-family house, complying with the Ontario Provincial
Building Code, to a value of 520,000 MJ or 2,600 MJ/m2 of floor area, while Kassab [10] found a
value of 707,883 MJ or 2,286 MJ/m2 of floor area for a duplex-apartment house built in year 2000
in Montreal. The exterior and foundation walls accounted for the highest embodied energy (1574
MJ/m2 of wall area), followed by floors and roofs (637 MJ/m2), foundations (355 MJ/m2), and
doors and windows (239 MJ/m2).
The total operating primary energy use was calculated using the electricity mix of Quebec, where
hydro-electricity accounted for 95.4% of the total electricity generated with the average power plant
efficiency of 80%; the heavy fuel oil and nuclear accounted for 2% each with the power plant
efficiency of 32.8% and 30%, respectively. Other sources such as natural gas, light fuel oil and
wood had a negligible contribution, of only 0.6%, to the total power generation. The transmission
and distribution losses were about 6%. The average annual efficiency of power generation plants
was estimated at 73.1%, which was higher than for the conversion by using fossil fuels only.
Assuming that the annual operating energy use would not change over the 30-year life span of the
system, the total operating energy consumption was estimated at 3,864,000 MJ (Table 2),
corresponding to 18,382 MJ/m2 of floor area.
The life cycle energy use of the base case house, calculated as the sum of the embodied energy and
the operating energy use over 30 years, was equal to 4,430,907 MJ (Table 2).

2.2.2. Life cycle emissions
The embodied emissions of the base case house were evaluated at 29.75 equivalent tons of CO2,
using the annual average values of emissions coefficients that are available with ATHENA program
[8]. For detailed explanation of emissions factors, which is beyond the purpose of this paper, the
reader might consult reference [8]. The exterior and foundation walls had the highest embodied
energy (73 kg CO2/m2 of wall area), followed by doors and windows (38 kg CO2/m2), foundations
(35 kg CO2/m2), and floors and roofs (32 kg CO2/m2).
The annual emissions due to the operating energy use were estimated at 1,875 kg of equivalent CO2,
and 56.24 tons of equivalent CO2 over 30 years. The life cycle emissions were estimated at 85.98
tons of equivalent CO2 emissions (Table 2).

2.2.3. Life cycle cost
The initial cost of the base house was estimated using RSMeans [11], including the total cost of
building materials, labor, contractor profit and overhead cost, at $204,576 or 973 $/m2 of floor area.
All costs are listed in Canadian dollars. At the time of this study, the exchange rate between US and
Canadian dollars was 1.01.
The operating costs included energy and maintenance costs during the life span of the building. The
annual energy use was supposed to be constant during the life span of the building. The life cycle
electricity cost was estimated at $46,193, calculated using the Present Worth method with the
electricity rates of Hydro-Quebec [12], discount rate of 5.54%, inflation rate of 2.24% and inflation
rate of electricity price of 2%. The life cycle cost of the base case house was estimated at $250,769
(Table 2).
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Table 2. Life cycle profile of the base case house.

Construction Operating Life cycle
phase
phase
[MJ]
566,907
3,864,000 4,430,907
Life cycle energy use
[%]
13
87
100
[Tons equiv. CO2]
29.75
56.24
85.98
Life cycle emissions
[%]
35
65
100
[$]
204,576
46,193
250,769
Life cycle cost
[%]
82
18
100

3. Life cycle performance of improved houses
In this section, several design alternatives are proposed in order to quantify their potential effect on
a life cycle perspective. The first two design alternatives were elaborated to comply with the
minimum insulation levels according to references [13,7]; they were named Quebec and MNECCH,
respectively (Table 3). Since the windows of the base case house were quite small, having a
window-to-wall ratio (WWR) of 0.09, a third design alternative presenting the same insulation
levels and materials as the MNECCH design, but with larger windows on the South façade (WWR
of 0.20), was considered. This design alternative is named MNECCH+. One last design alternative,
called “best case”, was proposed with higher insulation levels and “sustainable” materials.
Windows were upgraded to the best double-glazed window available in TRNSYS library,
corresponding to an average U-value of 1.26 W/(m2·ºC) that accounts for the centre of glass, edgeof-glass and frame. The WWR was kept at a value of 0.20 for the South façade, identical to the
MNECCH+ alternative.
The air infiltration rate was reduced from 3.5 air change per hour at 50 Pa pressure difference
(ach50) to 1.5 ach50. The infiltration rate of 1.5 ach50, measured by the depressurization of the
house using the blower door technique, is usually given as the reference for airtight houses. The
natural air infiltration rate, usually at 4 Pa pressure difference, cannot be measured, and is estimated
from the value at 50 Pa pressure difference; this value is used in simulations with TRNSYS. To
achieve this low infiltration rate, sprayed applied polyisocyanurate (PIR) was assumed to be used to
fill the gaps around windows and doors, at the junction of the main floor framing and the
foundation, and at tops of exterior and partition walls.
Using the TRNSYS and ATHENA computer programs and the RSMeans database, the life cycle
energy use, life cycle emissions and life cycle cost were estimated for each design alternative of the
house. Table 4 shows a summary of results and savings compared with the base case house. The
“best case” design alternative was the most efficient choice, with the highest savings in terms of the
life cycle energy use (33.2%), life cycle emissions (24%) and life cycle cost (2.2%).
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Table 3. Summary of design alternatives of improved houses.

Building component

Design alternative
Base case Quebec MNECCH MNECCH+ “Best case”
Air tightness [ach50]
3.5
3.5
3.5
3.5
1.5
WWR (South façade)[-]
0.09
0.09
0.09
0.20
0.20
2
Thermal resistance [m ·°C/W]
Ceiling/Roof
6.08
6.08 (5.3) 7.61 (7.0)
7.61 (7.0)
7.61
Exterior walls
4.11
4.11 (3.4) 4.11 (4.1)
4.11 (4.1)
6.49
Foundation walls
1.09
2.87 (2.2) 3.56 (3.1)
3.56 (3.1)
4.74
Basement floor
0.99
1.36 (2.2) 1.36 (1.1)
1.36 (1.1)
2.82
Exterior doors
0.47
0.47
0.47
0.47
0.47
Garage door
1.89
1.89
1.89
1.89
1.89
2
U-value [W/(m ·°C)]
Windows
1.40
1.40
1.40
1.40
1.26
Overall thermal resistance
3.37
3.61
4.05
4.01
5.29
Note: the number between parentheses represents the minimum thermal resistance required by the code
associated with the design alternative.

4. Solar combisystem with solar thermal collectors and longterm thermal storage
The solar combisystem was installed in the “best case” design alternative (Table 4). The long term
thermal storage system was designed to supply hot water for the space heating and the preparation
of domestic hot water (DHW), for one year, using only the solar energy, that is, without using the
auxiliary heating elements.

4.1. Description of the solar combisystem
The combisystem consisted of solar collectors (point 1 in Figure 1) of about 50 m2 installed on the
roof of the house, the heat transfer loop with antifreeze fluid and a pump (point 2), and the external
heat exchanger (point 4) that transferred the heat from the primary loop into a secondary loop,
which circulated the water. Hot water of the secondary loop, circulated by a pump (point 5), entered
a large cylindrical storage tank (point 10) of 38,600 liters. A stratifier device improved the
stratification by avoiding the mixing of water layers of different temperatures inside the tank. Hot
water was supplied to radiant heating floors of the house by a variable speed pump (point 12)
controlled by a thermostat installed on the first floor (point 13). An external heat exchanger (point
8) and a variable speed pump (point 7) enabled the control of domestic hot water at around 45ºC at
the user-end. Detailed presentation of TRNSYS simulation was given in [14].

4.2. Energy performance of the solar combisystem
The annual house electricity use was estimated by TRNSYS at 8,300 kWh (29,880 MJ), or 45
kWh/m2 of heated floor area (161 MJ/m2). Compared to the annual electricity use of 18,830 kWh of
the “best case" (without solar energy), this result represented a reduction of more than 50%. The
ventilation had the highest contribution to the energy use as it accounted for 65.3% of the total
value, followed by lighting with 14.7%, humidification with 9.2% and cooling with 8.9%. The
space heating and domestic hot water production accounted for only 1.8% of the annual electricity
use. The monthly electricity use of end-uses is shown in Table 5. The Heating and DHW part
represents the electricity use due to the circulating pumps for the heating and domestic hot water
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systems. The ventilation system had the highest contribution to the electricity use in the winter
months since the outdoor air was heated up to the temperature of 20ºC. During summer, the months
of July and August presented higher electricity usage by the cooling system. The energy use by
electric appliances was estimated by TRNSYS by using the user-defined installed power (in kW)
and the corresponding hourly schedule of usage. The radiative and convective components of heat
gains from those appliances were used in the heat balance of each thermal zone of the house.

Fig. 1. Solar combisystem with long-term thermal storage.
Table 5. Monthly electricity use (kWh) in the case of solar combisystem.

End-uses
Jan
Heating &
24
DHW
Humidification 205
Cooling
Lighting
144
Ventilation
670
Total
1,035

Month
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Tot

24

29

20

4

150

173
108
593
900

125
102
590
846

37
88
469
613

1
7
72
347
432

2

1

146 310
65 68
285 294
498 673

2
231
81
294
608

1

4

4
47
96 121
285 429
429 558

18

21

51
141
523
732

167 764
740
146 1,220
642 5,421
976 8,300

4.3. Life cycle performance of solar combisystem
This section presents the life cycle cost and life cycle energy use of two solar combisystems: the
design alternative no.1 with evacuated tube solar collectors, and the design alternative no.2 with
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flat-plate solar collectors (Table 6). These two design alternatives had the solar fraction superior to
90%. The annual electricity use of the solar combisystem, required to provide for space heating and
domestic hot water, was equal to 365 kWh (1.3 GJ) for design alternative no.1, and 567 kWh (2.0
GJ) for design alternative no.2.
Table 6. Design alternatives for solar collectors.

Design
Type of solar
alternative
collector
1
Evacuated tube
2
Flat-plate

Tilt angle
Area Tank volume
2
3
2
[deg]
[m ]
[m ]
[kg/(h·m )]
47.1
34.7
25
60.0
53.0
38.6
27
67.5

4.3.1. Life cycle cost
Since the combisystem provided for the space heating and domestic hot water, the electric
baseboard heaters and the water heater were not necessary. Therefore, both design alternatives are
credited with the initial costs of these systems. The cost of cross-linked polyethylene pipes (PEX)
integrated in the radiant heating floor was considered. Since the flat-plate collectors were integrated
to the roof, the cost of asphalt shingles was reduced.
The initial cost of the solar combisystem was estimated at $58,162 for design alternative no.1 and
$39,949 for design alternative no.2 (Table 7). The main cost difference came from the collectors
where the price of evacuated tubes ($35,603) represented more than twice the price of flat-plate
collectors ($17,238).
The annual operating costs were estimated at $26 for design alternative no.1 (Table 8) and $40 $ for
design alternative no. 2, based on the electricity use of the solar combisystem and the electricity
rates of Hydro-Quebec [12].
The life cycle cost was estimated at $58,799 for design alternative no.1, and $40,939 for alternative
no.2. The simple payback period of the solar combisystem was calculated as the ratio of the initial
cost of the solar combisystem [$] and the annual energy savings for space and water heating
[$/year], which were obtained by the use of proposed design alternative during the first year of
operation. The simple payback was estimated at 79.4 years for alternative no.1 and 55.6 years for
alternative no.2 (Table 8).
Compared to the simple payback period, the improved payback is a much more realistic approach as
it considers the time value of money. It is defined as the period required for the cumulative savings
to equal the initial cost of the system. As shown in Figure 2, the solar combisystem was not able to
payback its installation costs. Yet, 50% of the installation costs were recovered after 55 years for
design alternative no.1 (evacuated tube), and 34 years for design alternative no.2 (flat-plate).
If the inflation rate of electricity goes up from 2% to 4%, the curve of cumulative savings shows a
different shape (Figure 3), and the payback period for design alternative no.1 is achieved after 38
years and after 26 years for design alternative no.2.
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Table 7. Initial cost of the solar combisystem.

System component

Design
Design
alternative 1 alternative 2
[$]
[$]
Storage tank
12,031
13,023
Tank insulation
4,777
5,138
Conventional storage tank
-1,053
-1,053
Electric baseboard heaters
-3,097
-3,087
Radiant floor (PEX pipes)
2,502
2,502
Solar collectors
35,603
17,238
Shingles (credit for integrated mounting)
-1,201
Control unit
2,280
2,280
Pumps Stratos ECO
1,328
1,328
Pumps Stratos ECO-ST (Solar pump no1)
474
474
Tankless water heaters
1,331
1,331
Copper pipes
1,784
1,784
Piping insulation
202
202
Total
58,162
39,949

Table 8. Simple payback period of design alternatives.
Alternative Electricity use Operating cost Solar savings Simple payback
[kWh]
[$]
[$]
[years]
“Best case”
10,704
759
‐
‐
1
365
26
733
79.4
2
567
40
719
55.6

Evacuated tube

Flat-plate

Cumulative savings [$]

0
-10,000

50% payback
after 34 years

-20,000
-30,000

50% payback
after 55 years

-40,000
-50,000
-60,000

0

5

10

15 20 25

30 35 40
Years

45 50

55 60

Figure 2. Cumulative savings of design alternatives and improved payback period (inflation rate of
electricity of 2%).
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Evacuated tube

Flat-plate

Cumulative savings [$]

80,000
60,000
40,000
Payback in
26 years

20,000
0

Payback in
38 years

-20,000
-40,000
-60,000

0

5

10 15

20 25 30 35

40 45 50

55 60

Years

Figure 3. Cumulative savings of design alternatives and improved payback period (inflation rate of
electricity of 4%).

The improved payback period of the seasonal storage system was quite long, from 55 to 38 years
for design alternative no.1 (depending on the economic scenario), and from 34 to 26 years for
design alternative no.2. The only way to obtain a payback period under the 30-years life span of the
system is to benefit from substantial incentives. These results are seen as the direct consequence of
the high initial costs of the combisystem in the context of low rates of electricity in Quebec,
compared to other Canadian provinces.

4.3.2. Life cycle energy use
The embodied energy of the evacuated tube collectors was estimated at 1,521 MJ/m2 or 71,717 MJ
for the total collector area of 47.1 m2 based on reference [15]. The average value of the embodied
energy of a flat-plate collector, of 1,732 MJ/m2, was estimated using data from several studies
(Table 9). For the total collector area of 53 m2, the embodied energy was calculated at 91,766 MJ.
The storage tank was made of stainless steel (16.3 MJ/kg) and covered by 20 cm of mineral wool
(15.6 MJ/kg). Copper pipes (48.7 MJ/kg) between the collectors and the storage tank had a diameter
of 31.8 mm and were insulated with fiberglass (30.3 MJ/kg) over the length of 20 m. The heat
exchangers were made of stainless steel (16.3 MJ/kg), and the pumps of stainless steel and grey cast
iron (32.8 MJ/kg). The electric baseboard heaters previously used to heat the "best case” house were
made of aluminum (58.5 MJ/kg). The embodied energy of baseboard heaters, water heaters (6,155
MJ) and roof shingles (76.6 MJ/m2) was deducted from the total embodied energy. The embodied
energy of the PEX pipes (103.0 MJ/kg), installed in the radiant floor, was considered in the
analysis.
The total embodied energy of the solar combisystem was approximated at 157,870 MJ for design
alternative no.1 and 134,689 MJ for design alternative no.2.
The total operating energy use over 30 years was calculated at 53.9 GJ for design alternative no. 1
and 83.8 GJ for design alternative no.2.
The life cycle energy use of the seasonal storage system, the sum of the embodied energy of the
combisystem and the operating energy use over 30 years, was estimated at 188.6 GJ (design
alternative no.1) and 241.6 GJ (design alternative no.2).
The energy payback time (EPT) was defined as the time (in years) in which the primary energy
used to manufacture the solar combisystem was compensated by the reduction of annual electricity
use [19]. With the energy payback time value of 4.9 years for design alternative no.1 and 6.0 years
for design alternative no.2, the results are higher than the typical energy payback times of solar
combisystems (without long-term storage capacity) ranging from 2.0 to 4.3 years [20]. Yet, such
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difference is easily explained by the higher overall efficiency of power plants in Quebec (73.1%)
compared to Germany (35.0%).
Table 9. Embodied energy of flat‐plate solar collectors

Collector area
[m2]
2.13
1.35
5.00
5.00
6.15
5.76
2.00

Embodied energy
[MJ]
[MJ/ m2]
3,513
1,649
2,663
1,973
6,408
1,282
8,633
1,727
11,450
1,862
9,790
1,700
3,604
1,802
Average
1,732

Country

References

Italy
Cyprus
Germany
Germany
Germany
Germany
India

[16]
[17]
[18]
[18]
[15]
[15]
[15]

The energy yield ratio (EYR) was defined as how many times the energy invested in the
manufacturing of combisystem was returned by the system in its entire life span [20]. Higher ratio
values show better performance. Contrary to the energy payback time, this indicator considered the
life span of the solar combisystem and hence provided more meaningful results. The EYR for
design alternative no.1 was calculated at 6.1, and 5.0 for design alternative no.2. It was quite lower
than the values ranging from 7.5 to 12.6 calculated for typical combisystems (without long-term
storage) installed in Germany [15]. As for the EPT, this difference should be credited to the higher
overall efficiency of power plants in Quebec.

4.3.3. Discussion
The life cycle cost analysis indicated that the use of proposed solar combisystem design alternatives
does not result in an acceptable payback period, under the default economic conditions. However,
with higher rates of inflation and with some financial incentives, the initial costs could be recovered
in a shorter period of time.
The great potential of energy savings of the solar combisystem was very well demonstrated on the
life cycle basis. Indeed, the energy payback time and energy yield ratio had acceptable values for
such a large system. Compared to the second design alternative using flat-plate collectors, the first
design alternative performed better in terms of energy payback time and energy yield ratio. Due to
the higher efficiency of evacuated tube in cold climates, it required smaller solar collectors and
storage tank. Therefore, less material was required for the same level of performance.

5. Conclusions
The improvement of the house envelope from the base case house to the “best case“ had as a result
the reduction of the life cycle cost by $4.9/GJ of reduction of life cycle energy use. When the
combisystem, design alternative no.1 was used along with the “best case” house, the life cycle cost
increased by $18.7/GJ of reduction of life cycle energy use; in the case of alternative no.2, the
increase was $13.3/GJ.
There are two main conclusions from this study: (1) the improvement of thermal performance of the
envelope is more cost effective, and therefore should be the target before designing such complex
solar combisystems; and (2) the use of a solar combisystem under the economic conditions
presented in the paper is not cost effective yet. On the other hand, the energy payback shows a
significant positive impact of using the solar combisystem, as the energy invested in the
construction of the combisystem is recovered, through the annual operating savings, in a few years.
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Table 4. Life cycle performance of improved houses compared with the base case house.

Life cycle energy use
Life cycle emissions
[GJ]
[Tons CO2 eq.]
Design alternative Embodied Operating Life cycle Embodied Operating Life cycle
Base case
567
129
4,431
29.75
1.87
85.98
Quebec
571
119
4,132
29.92
1.73
81.75
+0.7%
-8.5%
-7.2%
+0.6%
-8.5%
-5.2%
MNECCH
558
117
4,056
29.30
1.70
80.21
-1.6%
-10.5%
-9.2%
-1.5%
-10.5%
-7.2%
MNECCH+
569
115
4,033
29.92
1.68
80.35
+0.3%
-11.5%
-9.9%
+0.6%
-11.5%
-7.0%
“Best case”
546
93
3,327
28.84
1.35
69.33
-3.9%
-38.9%
-33.2%
-3.1%
-38.9%
-24.0%
Note: Percentages represent the increase compared with the base case house.
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Initial
204,576
208,173
+1.7%
209,247
+2.2%
211,001
+3.0%
212,569
+3.8%

Life cycle cost
[$]
Operating Life cycle
1,878
250,769
1,727
250,644
-8.8%
+0.0%
1,696
250,951
-10.8%
+0.1%
1,677
252,239
-12.0%
+0.6%
1,334
245,390
-40.7%
-2.2%

