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FOREWORD  

 

This report summaries first activities and results of 

Work Package ôWP06 ð Life-cycle cost reduction of 

new nZEBô, part of the Horizon2020 - 

CRAVEzero project. 

Cost optimal and nearly zero-energy performance 

levels are principles initiated by the European Un-

ionõs (EU) Energy Performance of Buildings Di-

rective, which was recast in 2010. These will be 

significant drivers in the construction sector in the 

next few years because all new buildings in the EU 

from 2021 onwards have to be nearly zero energy 

buildings (nZEBs); public buildings need to achieve 

the standard already by 2019. 

While nZEBs realised so far have clearly shown 

that the nearly-zero energy target can be achieved 

using existing technologies and practices, most 

experts agree that a broad-scale shift towards nearly 

zero-energy buildings requires significant adjust-

ments to current building market structures. Cost-

effective integration of efficient solution sets and 

renewable energy systems are the major challenges.  

CRAVEzero focuses on proven and new approach-

es to reduce the costs of nZEBs at all stages of the 

life-cycle (see Figure 1). The primary goal is to iden-

tify and eliminate the extra costs for nZEBs related 

to processes, technologies, building operation and 

to promote innovative business models considering 

the cost-effectiveness for all stakeholders in the 

buildingõs life-cycle. 

 
Figure 1: CRAVEzero approach for cost reductions in the lifecycle of nZEBs. 
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EXECUTIVE SUMMARY  

 

Already today buildings can be realised in the nearly 
zero and plus energy standard. These buildings 
achieve extremely low energy demands and low 
CO2 emissions and can be operated economically. 
For this reason, the motivation in the CRAVEzero 
project is not only based on the energy characteris-
tics of buildings, but also on their life-cycle costs. 
However, the broad market deployment of these 
buildings is progressing very slowly so far, as meth-
ods and processes for the cost-optimal integration 
of efficiency measures and renewable energies are 
not yet sufficiently described and therefore not yet 
common. As a consequence - many poorly planned 
buildings are criticised for the fact that the actual 
energy consumption of highly efficient buildings is 
higher than the predicted demand and that high-
efficiency standards are expensive and uneconomi-
cal. The influence of the user behaviour of such 
energy efficient buildings is another aspect, which 
has to be considered to evaluate the impact on the 
energy consumption of the building. 
The identification of suitable methods for the ener-
getic-economic optimisation of highly efficient 
buildings in all life-cycle phases is a prerequisite for 
the broad market implementation.  
In the energetic-economic optimisation of build-
ings, there are different interests of the actors and, 
derived from this, different perspectives, time ex-
pectancies and goals. There are the tenants/users, 
the real estate agents, building contractors, planner, 
property managers, investors, owners and also 
companies which are directly or indirectly involved 
within the building process 
On the basis of the results, the statement is 
confirmed: nZEBs are economical. It can now be 
shown that the additional costs of efficiency 
measures are so low that highly efficient buildings 
have the lowest life-cycle costs. nZEB measures 
only have a small percentage influence on construc-
tion costs, but can reduce CO2 emissions many 
times over. When considered over the service life, 
these measures are usually cost-neutral or even 
economical.  
The following points can be summarised in detail: 

¶ The energy standard has a small influence on 
the building and construction costs. Energy ef-
ficiency is therefore not a major cost driver in 
construction. 
 

¶ The additional construction costs of nZEBs 
are compensated in the life-cycle of most 
technologies even without subsidies. 

¶ The cost optimum of primary energy demand 
and CO2 emissions is in the range of nearly ze-
ro and passive houses. Highly insulated enve-
lopes and highly efficient windows are usually 
economical even without subsidies. This is also 
due to the long service life of these compo-
nents in comparison to HVAC systems. 
 

¶ The optimum cost curve in relation to CO2 
emissions is very flat. Low emissions and en-
ergy requirements can therefore be achieved 
with different energy concepts as long as the 
envelope is very efficient. This means architec-
tural and conceptual freedom. 
 

¶ It is shown that energy efficiency and econom-
ic efficiency are not contradictory strategies, 
but can complement each other very well.  
 

¶ The parametric simulation results showed that 
the variance in the financing costs (20 %) and 
the net present value (15 %) is relatively low, 
whereas the primary energy demand (66 %) 
and the CO2 (73 %) emission vary in a broader 
range. 

 

¶ It is possible to find a solution set with nearly 
equal financing cost and/or net present values, 
but with less primary energy consumption 
and/or CO2 emissions. 

 

¶ The sensitivity analysis showed that the inter-
est rate and the inflation of energy costs had 
the highest influence on the LCC costs. Fur-
ther important factors were the maintenance 
cost, electricity costs and the cost of the struc-
tural elements with a medium influence on the 
LCC costs. 

 

¶ The user behaviour had a major influence on 
the total energy consumption of a building. A 
highly efficient building can at least support 
the user to further reduce his energy consump-
tion. 

 
This report describes the methodology and data 

used for the building simulation and 
parametrisation approach to quantify possible cost 
and energy savings of nZEBs throughout the life-
cycle. Furthermore, three different methodologies 
are prototypically tested.
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1.  INTRODUCTION  

 

1.1.  Objective  

This report focuses on three methodologies for the parametrical implementation of cost reduction poten-

tials for nearly zero energy buildings. The parametric analysis is implemented within the CRAVEzero case 

studies as described in D2.2 serving as a baseline for further optimisation and also acting as frontrunner 

projects showing that nZEBs can be realised in a cost-efficient way. The evaluation of cost reduction poten-

tials includes design, construction, commissioning, maintenance, operation and end-of-life phase. This re-

port therefore lays the basis for a structured life-cycle cost and energy analysis. The aim is to rate different 

nZEB technologies, processes, solution-sets and business models on the existing cases in order to raise the 

maximum potential of cost reduction in the upcoming reports within this work package. Measurable nearly 

zero (or beyond) primary energy consumption and CO2 emissions over the whole life-cycle will be pointed 

out as well. This first report of WP06 focuses on the definition of the methodology for the parametric anal-

ysis and a first parametric model focusing on cost reduction of nZEBs (based on case studies analysed in 

WP02) is applied and tested. 

 

1.2.  State of the Art / Problem Description

Although efficient technologies for zero and plus 

energy buildings are available on the market, many 

factors are slowing down their broad marked im-

plementation. Cost and construction time overruns 

of zero and plus energy buildings due to unclear 

requirements, unclear processes and the lack of 

knowledge about these technologies are still the 

standard in the construction industry. There is great 

potential for processes and cooperation between 

urban and spatial planners, municipalities, energy 

suppliers, investors and property developers, con-

struction companies, building users, facility manag-

ers, as well as renovation, dismantling and waste 

disposal companies.  

In the early planning phases, the client and architect 

are faced with the decision to define the architec-

tural concept, the type and quality of the envelope 

and the technical equipment of the building. Often 

the amount of the construction costs is used as a 

determining factor, while the operational costs play 

no or only a minor role. The decision for zero or 

plus energy and the actions to be taken are usually 

done in a late phase and therefore have a significant 

impact on the building and construction costs. This 

is often due to the fact that the focus of the cost 

analysis in early stages is on only one stakeholder, 

usually the owner/builder. Processes and thus costs 

that occur after completion of the building, such 

caused by the energy use by the tenants/owners but 

also costs for maintenance and repairs or even re-

furbishment or demolition of the building are hard-

ly taken into account in the cost considerations at 

the beginning of the planning phase. 

One possibility would be to consider the costs over 

the entire life-cycle, or at least a longer period of 

time of the building. Often zero and plus energy 

concepts are rejected due to high investment costs 

and uncertainties about their actual performance 

(costs, energy, comfort). 

Previous work in this field either only depicts par-

tial areas or is often not sufficiently based on relia-

ble data from buildings that have already been 

realised. In the following, the planning and 

optimisation processes for highly energetically and 

economical buildings will be examined more close-

ly. This procedure will be demonstrated using three 

different methodologies within prototypical 

CRAVEzero frontrunner buildings. 
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2.  MULTI -OBJECTIVE BUILDING LIFE -CYCLE  

COST AND PERFORMANCE OPTIMIZATION   

This chapter applies a multi-objective optimisation approach to investigate a specific problem, in this case 

the effect of nZEB design variables on energy, environmental and economic performance. 

It addresses a methodological approach to better understand the effects that nZEB design variables have on 

the whole life-cycle of a building and how it can be implemented as part of the design process. 

Combining the CRAVEzero life-cycle cost tool with state-of-the-art energy calculation methods and a par-

ametric optimisation tool to minimise the energy and CO2 related emissions of buildings. A simulation-

driven design process with detailed and parametric analysis showed that reduced construction cost by 20 %, 

reduced life-cycle costs by 15 %, primary energy demand by 66 % and CO2 emissions by 73 % could be 

achieved compared within the nZEB variants. 

 

This approach has been guided by the following key questions: 

o Which are the nZEB variables that determine the relative importance of their impact on energy, 

environmental and economic performance?  

o What is the relative importance of the main nZEB design variables, considering a wide range of 

performance indicators?  

o Which are the numerical parameters that describe best the nZEB design variables, and thus can be 

used to reduce life-cycle costs and related CO2 emissions of nZEBs 

 

The general aim of this chapter is furthermore to contribute to the development of methodological ap-

proaches that provide a more comprehensive understanding of the design variables, specifically in terms of 

their effects on energy, environmental and economic performance of office buildings and residential build-

ings. Such an approach is especially important to simplify the decision-making process during the early 

planning phase of nZEBs. In this phase consistent and reliable information is required to guide the design 

strategies and achieve high-performance buildings with a reasonable investment, optional and overall pre-

dicted life-cycle costs.  

 

2.1.  Methodology  

In the traditional planning process, the client, archi-

tect and specialist consultant develop a building 

with the relevant technical equipment and building 

services. In many cases, everyone optimises in their 

associated area, and thus the building project as a 

whole is being lost out of sight. In the traditional 

planning process usually, only a few variants are 

considered and are often not planned and analysed 

at the same time, but discarded at an early stage. 

Thus, it can happen that at the end a building is 

built and in operation, it turns out that, e.g. the 

running costs are extremely high. If, on the other 

hand, several variants are being compared in the 

planning phase, including life-cycle costs, a sound 

decision can be made already in advance. 

The term "multi-objective parametric analysis" in 

this report defines a method in which a series of 

calculations are run by a computer program, sys-

tematically changing the value of parameters associ-

ated with one or more design variables. The key 

feature of this approach is that it allows evaluating 

the effect of individual design variables on energy, 

costs and environmental parameters in one step.   

Problems associated with the design of buildings 

often comprise conflicting or contradictory objec-

tives, such as minimising energy consumption while 

investment costs are increased, or reducing both 

CO2 emissions and increasing life-cycle costs. As a 

result, in recent years the multi-objective 

optimisation analysis has become more popular 
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than the single-objective analysis (Hamdy and Mau-

ro, 2017).  

The multi-objective approach is based on the con-

cept of pareto frontier: a solution is optimal when 

no other feasible solution improves one of the ob-

jectives without affecting at least one of the other. 

In that case, the multi-objective algorithms generate 

a set of solutions, known as the pareto front. If the 

problem includes only two objectives, the Pareto 

front is a two-dimensional curve. This concept can 

also be applied to three or more objectives, alt-

hough the results are more difficult to analyse. It is 

also important to note that this approach, rather 

than finding a single optimal solution, seeks to ex-

plore a set of optimal solutions and evaluate various 

trade-offs among them (Chiandussi et al., 2012). 

 

o Conventional optimization: òsearchò of possible solutions based on empirical values  

(Figure 2, left picture) 

o Optimisation using òextreme value search algorithmsó 

o òBrute-force methodó with a study of all possible solutions (Figure 2, right picture) 

 

 
Figure 2: Multi-objective building life-cycle cost and performance optimisation 

 

The advantage of the manual search of the optima 

usually lies in the manageable number of variants 

and thus the moderate effort. The disadvantage, as 

shown in Figure 2, is that only a local optimum can 

be found and not the best global solution. 

Optimisation using a "parametric optimiser" offers 

the advantage that the variants are optimised for a 

specific goal or cost function and can be found 

more or less precisely depending on the 

optimisation function. However, it does not allow 

any statement on maxima, minima or statistical 

distributions of the variants. In addition, it is diffi-

cult to consider the additional benefits described 

above, as these often cannot be described as hard 

target values, e.g. monetary. 

With the brute-force method or the investigation of 

all possible variant combinations, all solutions are 

considered. It therefore offers the advantage that 

statistical evaluations can be made, distributions can 

be derived, and the additional benefits can also be 

considered for selected variants. A big disadvantage 

is a very large number of variants (several thou-

sand), which can only be calculated automatically. It 

also restricts the calculation methods. If, for exam-

ple, dynamic building simulations are used to 

optimise a building, where each simulation takes 

several hours, it is not possible to calculate thou-

sands of variants with a manageable amount of 

computing time. By multi-objective building life-

cycle cost and performance optimisation, it is pos-

sible to find optimal solutions, among huge num-

bers of possible combinations of variables. Various 

decision variables can be considered for the build-

ing envelope, the heating system, the ventilation 

and air conditioning (HVAC) systems, on-site ener-

gy generation systems or financing schemes/ busi-

ness models. Examples of the objectives are: 

minimisation of environmental impacts (energy 

consumption, carbon emissions etc.), costs (in-

vestment costs, operating costs, life-cycle costs), 

equipment size (energy generation units, HVAC 

system etc.), and/or maximisation of indoor air 
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quality, energy efficiency, etc. These can be 

achieved individually, as single objectives, or simul-

taneously, as multi-objective optimisation. The 

constraint functions may indicate satisfying, or not 

violating, different criteria -e.g. thermal comfort 

level, total investment cost limit, primary energy 

limit etc. (Wright et al., 2002). 

 

The method of energy-economic optimisation is 

shown in Figure 3: 

 

o Design, first pre-optimizations. 

o Determination of target values and goals 

o Determination of the parameters to be var-

ied and their levels, e.g. envelope quality, 

heating system, window size, window quali-

ty.  

o (Automated) energy demand calculations 

according to energy certificates or the pas-

sive house project planning package, dy-

namic building simulation. 

o Calculation of the life-cycle costs of each 

variant, taking into account promotion, 

maintenance, replacement investments and 

residual value. 

o Evaluation and presentation of results. 

 

Together with the Energieinstitut Vorarlberg (EIV), 

AEE INTEC developed a method to automatically 

calculate the life-cycle costs of thousands of vari-

ants as part of the "KoPro LZK+" project. The 

automated calculation for many variants, which was 

used in this report: 

o Is a further development of the 

"KoPro LZK+" calculation method by 

Energieinstitut Vorarlberg and AEE 

INTEC. 

o Reduction of time expenditure by using ex-

isting energy demand calculations of a 

building with the passive house project 

planning package PHPP. 

o The life-cycle costs are calculated with the 

CRAVEzero life-cycle tool. 

o Automation of the calculation by VBA 

macros in MS-Excel©. 

 

With this method, more than 31.000 different vari-

ants could be calculated in a manageable amount of 

time for one prototypical CRAVEzero case study. 

In most cases, a building has to be calculated sever-

al times, because input errors and missing inputs, 

which are caused by the combinatorics of the pa-

rameters, can often be detected only during the 

subsequent result evaluation: 

 

a) The simulation models have been defined 

in such a way that standard comfort levels are 

always met, depending on the user behaviour. 

b)  A wide range of building performance in-

dicators have been used in the analyses, includ-

ing final and primary energy demand, CO2 emis-

sions, and initial, operational, renovation, 

maintenance costs as well as the overall life-

cycle costs over 40 years time span.  

 

 

 

Figure 3: Method of energy economic optimisation in CRAVEzero (Hatt T. et al.) 
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2.2.  Assumptions and Boundary Conditions  

The construction costs of the building, for the analysed case study, were provided by the project partner 

Skanska. The building has already been constructed, and real cost data is available. The costs for the varied 

technologies and building elements were also directly provided by Skanska. The cost for the PV- systems 

and the ground source /air heat pump were derived from the component database of KoPro LZK+ and 

CRAVEzero (WP4). All costs are reported as "net costs" (excluding VAT). Land costs and excavation costs 

were taken into account. Due to the steady increase of the construction costs in the EU during the last dec-

ades (Figure 4), it is necessary to apply an index correction to cost data, which had a different reference year 

than the real building. The real cost data was provided by Skanska on the basis of the year 2015. 

 

 
Figure 4: EU-28 cost index of construction prices, construction cost and cost components 2005 ð 2017, unadjusted data 
(2015 = 100) (https://ec.europa.eu/eurostat/statistics-explained/index.php/Construction_producer_price_and_ 
construction_cost_indices_overview). 

 

The considered building is located in Sweden, and a climate data file was generated for the area of Växjö 

with Meteonorm 7.1.8.29631, since there was no climate data available in the surrounding area.  

The economic evaluation of the variants is based on an observation period of 40 years (Table 1), which was 

previously defined in D2.2 (Deliverable D2.2: Spreadsheet with LCCs). This observation period was chosen 

because this duration is feasible for private housing, as well as for property developers. As financing 

scheme, a bank loan was chosen with a credit period time of 25 years and an interest rate of 3 %. The equity 

interest rate for the equity investment was set to 1,51 %, the inflation rate to 2 % and the discount rate of 

the used capital investment was 3 %. All these values were taken from the CRAVEzero LCC-Tool. The 

different technical maintenance costs and lifespans of the different components are taken into account and 

based on the gathered data in D2.2 and the CRAVEzero database of WP4. Cost drivers can also be 

determined by evaluating individual parameters in relation to costs. The following cost items are taken into 

account: total costs, financing costs, energy costs including basic fees, replacement investments, operation 

costs, maintenance costs, repairs and residual values. The energy costs also take into account the revenues 

from the grid feed-in of the electricity generated on the building from renewable sources (e.g. PV electrici-

https://ec.europa.eu/eurostat/statistics-explained/index.php/Construction_producer_price_and_construction_cost_indices_overview
https://ec.europa.eu/eurostat/statistics-explained/index.php/Construction_producer_price_and_construction_cost_indices_overview


 

  16 

ty). No additional follow-up costs such as administration, insurance, cleaning, security services, building 

services and demolition costs are included in this report. Rental incomes are not taken into account. All 

costs are calculated using the òCRAVEzero life-cycle cost tooló, which was developed in the project 

KoPro LZK+ and CRAVEzero. 

 
Table 1: Boundary condition for economic evaluation 
Ec onomic boundary conditions  Re ference  

Observation period of life-cycle cost 40 years 

Equity interest rate 1,51 % 

Inflation rate 2 % 

Discount rate  3 % 

Credit period 25 years 

Interest rate bank credit  3 % 

 

2.3.  Energy Prices and Price Increase  

The energy costs are calculated for each variant. Based on the energy demand of each variant the calculation 

of the resulting cost of each energy carrier (namely district heating and electricity) was determined on the 

basis of final energy consumption. If PV is present in the specific variant (three different levels: no PV, 

72,8 kWp or 131 kWp), the electricity demand was reduced by the share of self-consumption of the PV-

electricity. The PV surplus electricity, which cannot be used directly in the building, was fed back to the grid 

at significantly lower rates (0,03 û/kWh). The electricity price was derived from Eurostat values and is 

0,187 û/kWh in the standard scenario. The overall annual energy cost (electricity and district heating) were 

determined on the basis of final energy consumption and the associated energy prices. The resulting life-

cycle cost was taking an energy price increase over the observation period into account by an annual per-

centage energy price increase (Table 2).  

 
Table 2: Energy prices and net energy price increases as boundary conditions of the economic efficiency calculation 

ENERGY CARRIERS  NET PRICES 

SWEDEN  

UNIT  PRICE INCREASE 

[%]  

Electricity 0,187 û/kWh 1,0 

District heating 0,05 û/kWh 1,0 

PV Feed-in grid 0,03 û/kWh 1,7 
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2.4.  Maintenance Costs  

To consider the costs during the operational phase of the building life-cycle maintenance cost were applied 

as fraction of the investment costs per year. These maintenance costs were gathered from the LCC-

spreadsheet of the case study Solallén (see D2.2). For the parameters which are not covered in the 

case study, these factors were conducted from the CRAVEzero database of WP4. The most important 

building elements are listed in Table 3. The operation and maintenance costs affect only the building life-

cycle after the construction phase. These costs are particularly relevant for future owners, building opera-

tions and property manager. 

 
Table 3: Summary of the most important maintenance costs and intervals 
POSITION  ACTIVITY  INTERVAL  TODAY'S COSTS 

(NET)  

UNIT  

Exterior wall Maintenance Annually 1,5 % of Invest û/a 

Floor construction Maintenance Annually 1,5 % of Invest û/a 

Flat roof construction Maintenance Annually 1,5 % of Invest û/a 

Windows and doors Maintenance Annually 1,5 % of Invest û/a 

Ventilation system with heat 

recovery 

Maintenance Annually 4,0 % of Invest û/a 

Air distribution system Cleaning and maintenance Annually 6,0 % of Invest û/a 

District heating transfer station  Maintenance Annually  3,0 % of Invest û/a 

Ground source heat pump Maintenance Annually  3,0 % of Invest û/a 

Air heat pump Maintenance Annually  3,0 % of Invest û/a 

Thermal collectors Maintenance Annually  1,0 % of Invest û/a 

PV system  Maintenance Annually  1,0 % of Invest û/a 

 

2.5.  Replacement of Renewal  

The replacement of the construction components is necessary, especially for active components. The com-

ponents of the building envelope have a high technical lifetime and will be not rebuilt, but demolition costs 

arise at the end of the life-cycle. Active components of the building equipment are typically renewed several 

times during the lifetime of the whole building. In this report, an observation period of 40 years is chosen, 

which is a relatively low expected lifetime for the building envelope. This has to be adjusted if a higher ob-

servation period will be chosen. The building elements with a lifespan lower than the observation period, 

are reinvested, and the remaining residual value is deducted after the observation period. Table 4 lists the 

technical lifetime of the building elements, which were gathered from the D2.2 and the CRAVEzero data-

base of WP4.  
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Table 4: Technical lifetime of prototypical nZEB elements 
POSITION  TECHN. 

LIFE TIME  

(YEARS)  

POSITION  TECHN. 

LIFE TIME  

(YEARS)  

Exterior wall 40 Air heat pump 20 

Floor construction 40 Buffer storage 20 

Flat roof construction 40 Thermal collectors 20 

Windows and doors 40 Ventilation unit with heat recovery 15 

External sun protection 40 Air ducts, air distribution system 30 

Interior wall and elements 40 Compressor cooling 15 

Kitchen and bathroom furniture 40 Free cooling 40 

Electric network 25 PV - modules 25 

Heat distribution network 30 PV - inverter 15 

Floor heating  40 Cables for PV and Inverter 40 

District heating transfer station 20 Building automation system 40 

Ground source heat pump 20   

 

2.6.  Variants and Sensitivity Analysis  

The results of the life-cycle cost analysis strongly depend on the selected input parameters. To gather the 

impact of the parametric model, sensitivity studies are carried out. The user behaviour identified as influenc-

ing factor was addressed by defining three different levels (Table 5). level 1 (efficient) represents an ideal 

user, level 2 (standard) is defined as a standard user, and level 3 (inefficient) defines a user who operates the 

building in a not energy-efficient way. 

 
Table 5: Parameter levels of user behaviour 
U SER BEHAVIOUR  Level 1  Level 2  Level 3  

Troom (during heating period) 21 °C 22 °C 23 °C 

DHW-demand (at 60°C) 29 l/d  33,3 l/d 48,5 l/d  

Misuse of external blinds during winter time 0 % +10 % +20 % 

Electrical loads 20 kWh/(m²a) 26,6 kWh/(m²a) 35 kWh/(m²a) 

Additional window ventilation during winter time 0,0 1/h  +0,05 1/h +0,1 1/h  

The first part of the evaluation was focussed on the specific parametric models with the standard user be-

haviour (Level 2 in Table 5) and the standard energy tariffs (listed in Table 2). The second part of the sensi-

tivity analysis is focused on the robustness of the technologies, which means the influence of the user on 

the energy performance as well as on the life-cycle cost. 
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2.7.  General Parameters for Parametric Models of the CRAVEzero Case 

Studies  

The following general parameters were identified during a workshop within the CRAVEzero consortium. 

The parameters were checked according to the practicality of the CRAVEzero approach. 

 
Table 6: General parameter models for nZEBs 
C LASSI-

FICA-

T ION  

PARAMETER  U NIT  

L EVEL  

1  

L EVEL  

2  

L EVEL  

3  

L EVEL  

4  

L EVEL 

5  

L EVEL  

6  

L EVEL  

7  

Building / 

Envelope 

General - Location 

Glass to 

surface 

area 

Orientati-

on of 

building 

Shading 

of exter-

nal ob-

jects 

Building 

density 
  

Location - Graz Vienna 
Stock-

holm 
    

Glass to surface 

area 
% As built 20 30 40 50   

Overall construc-

tion 
- 

Minimum 

require-

ments 

Passive 

house std. 

Pre-

fabricated 

facade 

Pre-

fabricated 

house 

Different 

Glazing 
  

Windows - Glazing Shading 
Mainte-

nance 

Orientati-

on 
Size   

Doors - Glazing 
Mainte-

nance 

Orientati-

on 
Size    

Walls - 
Conductiv

ity 
Insulation 

Thermal 

mass 
Thickness    

Ventilation 
Type - Window 

Air 

extract 

unit 

Central 

Vent. 

Unit 

Decentral 

Vent. 

Unit 

Mixed 

Ventilati-

on 

  

Heat recovery % 60 70 80 90    

Heating 

System 

Generation - 
Pellet 

boiler 

Wood-

chip 

boiler 

Gas 

con-

densing 

boiler 

District 

heating 

Geother-

mal heat 

pump 

Ground-

water heat 

pump 

Air heat 

pump 

Distribution - Direct 

Con-

centric 

pipes 

4 pipe-

systems 

2 pipe-

systems 

2 pipe 

systems 

@35°C 

Decentral 

storages 
 

Dissipation - Air Radiator 

Floor 

heating 

system 

Wall 

heating 

system 

   

Cooling 
Generation - 

Heat 

pump 

Absorpti-

on heat 

pumps 

Passive 

cooling 

systems 

    

Distribution - Air Water      

Solar 

thermal 

Area m² 5 10 15 25 50 100  

Operation - 
DHW 

only 

Heating 

only 

DHW+ 

heating 
    

Collector . Flat plate 
Vaccum 

tube 
PVT     

PV 

Power kWp 5 10 25 50 100 200  

Battery kWh 5 10 25 50 100 200  

Operation - 
Full feed-

in 

Surplus 

feed-in 

E-

Mobility 

Contrac-

ting 
   

User 

Behaviour 

Room tempera-

ture ð heating 
°C 20 21 22 23 24   

Room tempera-

ture - cooling 
°C 24 25 26 27 28   

DHW - demand - Low Standard High     
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Shading - As built Ideal Standard High 
 

 
  

Household 

electricity 
- Efficient Standard 

Not  

efficient 
    

Lighting - 

Automa-

tic con-

trolled 

high eff. 

Automa-

tic con-

trolled 

std. eff. 

Automa-

tic con-

trolled 

low eff. 

Manual 

controlled 

high 

efficiency 

Manual 

controlled 

std. 

efficiency 

Manual 

controlled 

low 

efficiency 

 

Window Ventila-

tion 
- Ideal Standard High     

Business 

models 

PV - 
Equity 

financing 

Contrac-

ting 

Energy 

flat rate 
    

Funding - None 
Current 

scenario 

Enhanced 

subsidies 

Decreased 

subsidies 
Incentives   

Pricing 

Sensitivity % None Low Standard High    

Increase in 

energy price 
%/a None Low Standard High    

Primary energy 
û/ 

kWh 
Low Standard High     

Electricity 
û/ 

kWh 
Low Standard High     

CO2 û/ton 15 30 50     

 

2.8.  Parametric Models ð Case Study Solallén  

 

General information 

¶ Owner: Brf Solallén (Tenant owned) 

¶ Architect: Skanska Teknik 

¶ Energy concept: Net ZEB 

¶ Location: Växjö (Sweden) 

¶ Construction Date: 2015 

¶ Net floor area: 1.778 m2 

Key technologies: 

¶ Well insulated and airtight 

¶ Balanced ventilation with heat recovery 

¶ Ground source heat pump 

¶ Photovoltaic panels 

Figure 5: Case study Solallén 
 

The seven, freestanding buildings (Figure 5) are well insulated and using 50 % less energy according to the 

national Swedish building code requirement. Each building has an annual energy demand of 30 kWh/m², a 

photovoltaic system on the roof and a geothermal heating and cooling system, which led to a net zero pri-

mary energy balance. During the construction phase, a reduction of 37 % of embodied carbon saving was 

achieved by using foundation materials efficiently and minimising construction equipment. 

The CRAVEzero approach was prototypically implemented in the case study Solallén based on the already 

gathered building data of one of the seven buildings in PHPP, where the energy demands and yields were 

scaled up to the total demand and yield of the seven buildings. The life-cycle costs of all seven buildings 

were gathered from the CRAVEzero LCC-Tool (from WP2), as well as from the CRAVEzero database of 

WP4. According to the defined general parameters in the previous chapter a set of ten different parameters 

with three to four levels are defined for the case study Solallén (Table 7) by Skanska. The parameters consist 

of passive actions (parameter 1, 2, 3), active actions (parameter 4, 5, 6, 7, 8), user actions (parameter 9) and 

economic actions (parameter 10). The following chapters contain a detailed description of the varied pa-

rameters and their impact related to the reference case in D2.2. 
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Table 7: Overview of the parameters and their different levels (one building) 
PARAMETER  L EVEL  1  L EVEL  2  L EVEL  3  L EVEL  4  

Parameter 1: 

Insulation 

Floor-slab: 200 mm 

insulation 

Exterior walls: 

250 mm insulation 

Roof: 450 mm insula-

tion 

Floor-slab: 300 mm 

insulation 

Exterior walls: 

455 mm insulation 

Roof: 600 mm insula-

tion 

Floor-slab: 400 mm 

insulation 

Exterior walls: 

600 mm insulation 

Roof: 750 mm insula-

tion 

 

Parameter 2: 

Air tightness 

n50: 1,5 1/h  n50: 0,84 1/h  n50: 0,04 1/h  
 

Parameter 3: 

Windows 

1,10 W/ (m²K) 0,90 W/ (m²K) 0,70 W/ (m²K) 
 

Parameter 4: 

Ventilation 

SFP: 1,75 

ǥ: 80 % 

SFP: 1,5 

ǥ: 85 % 

SFP: 1,25 

ǥ: 90 % 

 

Parameter 5: 

Heating 

District heating 

Ð kWth 

SCOP: 1,0 

Ground source heat 

pump: 4 kWth 

SCOP: 3,5 

Ground source heat 

pump: 5 kWth 

SCOP: 5,0 

Extract air heat pump 

1,8 kWth 

SCOP: 2,5 

Parameter 6: 

PVs 

No PV 0,0347 kWp/m² GFA 0,0624 kWp/m² GFA 

 

Parameter 7: 

Solar Thermal 

No solar thermal 0,0334 m²col/m² GFA, 

standard flat plate 

collector 

used for DHW 

0,0667 m²col/ m²GFA, 

vacuum tubes 

used for DHW and 

heating 

 

Parameter 8: 

Cooling 

Compressor cooling: 

3 kWth 

SCOP: 3 

Free 

cooling/boreholes: 

1 kWth 

SCOP: 20 

Free 

cooling/boreholes: 

2 kWth 

SCOP: 20 

 

Parameter 9: 

User behavior 

Plug loads and light-

ing: 20 kWh/ (m²a) 

DHW: 15 kWh/ (m²a) 

Plug loads and light-

ing: 26,6 kWh/ (m²a) 

DHW: 

17,2 kWh/ (m²a) 

Plug loads and light-

ing: 35 kWh/ (m²a) 

DHW: 25 kWh/ (m²a) 

 

Parameter 10: 

Energy tariffs 

Electricity: 

0,06 û/kWh 

District heating: 

0,035 û/kWh 

Electricity: 

0,08 û/kWh 

District heating: 

0,05 û/kWh 

Electricity: 

0,1 û/kWh 

District heating: 

0,065 û/kWh 

 

 

 

The following chapters include a detailed description of each parametric model is based on the reference 

case (Table 8). Each parametric model was applied to the reference case, and the influence on the specific 

heat demand of the building was evaluated. The parametric model of the user behaviour (level 1, level 2 and 

level 3 in (Table 8) were compared with the reference case. For the parametric models without a direct in-

fluence on the specific heat demand of the building (heating system, PV, cooling demand) other evaluation 

was carried out.  
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Table 8: Parameter levels of user behaviour including the reference case 
USER BEHAVIOUR  L EVEL  1  L EVEL  2  LEVEL  3  R EFERENCE  

Troom (during heating period 21 °C 22 °C 23 °C 20 °C 

DHW-demand (at 60°C) 29 l/d  33,3 l/d  48,5 l/d  33,3 l/d 

Misuse of external blinds during 

winter time 

0 % +10 % +20 % 0 % 

Electrical loads 20 kWh/(m²a) 26,6 kWh/(m²a) 35 kWh/(m²a) 26,6 kWh/(m²a) 

Additional window ventilation 

during winter time 

0,0 1/h  +0,05 1/h +0,1 1/h  0,0 1/h 

 

2.8.1.  INSULATION  (PARAMETER  1)  

The insulation thickness has a major influence on the heating 

demand of a building. The insulation of the envelope (all build-

ings) was varied for the insulation on the floors, the walls and 

the roofs. The total surface areas are: f loors 2.099 m², external 

walls 1.325 m² and roofs 2.106 m². The insulation thickness of 

each level was inserted in PHPP, which results in different 

construction thickness and U-values.  
 

  
Figure 6: Annual heating demand (top figure), U-value (left figure) and total construction thickness (right figure) of each 
insulation levels at reference conditions 

 

The additional costs for the different insulation thicknesses include additional structural costs to take up the 

insulation. The gathered construction costs of each level based on an estimation of the industry partner. 

The total construction costs (floor, wall and roof) has a share of 43 % (level 1), 48 % (level 2) and 51 % 

(level 3) from the construction costs (2.535.764 û in D2.2, demo case 9). The considered lifespan was 

40 years (economic observation period), and the maintenance costs were 1,6 % of the investment cost per 

year. 
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2.8.2.  AI RTIGHTNESS  (PARAMETER  2)  

Air tightness influences the heat demand of a building by altering the air exchange with the ambient (Figure 

7). This parameter is accounted by the air change rate (at pressure test n50, DIN EN 138291). The air change 

rate of the envelope was varied from 0,4 to 1,5 1/h. The investment costs of this parameter were mainly 

driven by a higher cost of building supervision, sensitisation of workers, especially with openings of the 

building envelope and less material costs. The share in the construction costs (D2.2) of the first level was 

0,3 %, of the second level 0,5 % and 0,6 % of the third level. 

 
Figure 7: Annual heating demand of each airtightness level at reference conditions 

 

2.8.3.  WINDOWS  (PARAMETER  3)  

The windows, as part of the building envelope, affect the heating demand due to their heat losses and their 

solar transmittance. The glazing of the building (94 m² in total) varies in three levels. The first level consists 

of glazing with a total U-value (including thermal bridges) of 1,1 W/(m²K) and a g-value of 0,8. The second 

level has a U-value of 0,9 W/(m²K) and a g-value of 0,58. The third level has a U-value of 0,7 W/(m²K) and 

a g-value of 0,37. Figure 8 shows the annual heating demand of each level at the reference condition. The 

share in the construction costs (D2.2) of the first level was 6,6 %, of the second level 6,7 % and 7,3 % of 

the third level of the construction costs (D2.2).  

 
Figure 8: Annual heating demand of each window level at the reference condition 

 

 

 

 

 

                                              
1  DIN EN 13829, Thermal performance of buildings ð Determination of air permeability of buildings ð Fan 

pressurization method (ISO 9972:1996, modified); German version EN 13829:2000 
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2.8.4.  VENTILATION  (PARAMTER  4)  

A ventilation unit with heat recovery was considered with different SFP-values. The first level has a SFP of 

1,75 Ws/m³ with a heat recovery efficiency of 80 %. The second level has a SFP of 1,5 Ws/m³ and a heat 

recovery efficiency of 85 %. The third level has a SFP of 1,25 Ws/m³ and a heat recovery efficiency of 

90 %. The annual heating demand varies from 34,7 kW (level1) to 31,1 kW (level3) in Figure 9. The share in 

the construction costs (D2.2) of the first level was 3,1 %, of the second level 3,2 % and 3,4 % of the third 

level. 

 
Figure 9: Annual heating demand of each ventilation level at reference conditions 

 

2.8.5.  HEATING  (PARAMETER 5)  

The heating system fully covers the heat demand for space heating and domestic hot water, as well as the 

heat losses of the distribution systems. The first level (district heating) based on a district heating transfer 

unit (efficiency of 95 %), which is connected to a district heating grid (efficiency of 85 %) driven by a bio-

mass boiler (efficiency of 85 %). The second and the third level based on a ground source heat pump of 

with power of 4 kWth and a SCOP of 3,5, respective 5 kWth and SCOP of 5. The thermal properties of clay 

were applied to the boreholes properties in PHPP, and resulting temperatures were calculated on a monthly 

basis, regarding to the heat extraction rate. The fourth level based on an exhaust air heat pump with a pow-

er of 1,8 kWth and a SCOP of 2,5. The first level, district heating, has the highest final energy demand for 

heating due to the lower overall efficiency (resulting efficiency of 69 %) of 34,6 kWh, followed by the ex-

haust heat pump (level 4) of 26,0 kWh (Figure 10). The less efficient ground source heat pump has a final 

energy demand of 16,4 kWh (level 2) and 10,5 kWh for the more efficient ground source heat pump (lev-

el 3). The share of the construction costs (D2.2) of the first level was 4,4 %, of the second level 4,3 %, of 

the third level 4,9 % and 1,5 % of the fourth level. The cost of heat distribution (floor heating) was exclud-

ed in this percentage. 

 
Figure 10: Final energy demand of the four levels of the heating system (district heating, ground source heat pump and 
air heat pump) at reference conditions 
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2.8.6.  PV  (PARAMETER  6)  

This parameter consists of a no PV level and two PV levels with different sizes of module area. All of the 

modules were located on the roof of the building and were horizontal aligned. Level 1 has no PV included, 

level 2 has a peak power of 0,0347 kWp/m² GFA and level 3 of 0,0624 kWp/m² GFA. The costs were separated 

in PV-modules, inverter and wiring. The figure on the right shows the electricity demand and the amount of 

PV self-consumption and PV- feed into the grid. The share of the construction costs (D2.2) of the second 

level was 4,9 % and 8,4 % of the third level.  

 
Figure 11: Total electricity demand of the building, PV surplus feed-in grid and PV self-coverage of each PV-level at 
reference conditions 

 

2.8.7.  SOLAR THERMAL  (PARAMETER  7)  

The gain from solar thermal collector was considered at three levels, without solar thermal, a solar thermal 

system for domestic hot water support with 0,0334 m²col/m² GFA of flat plate collector and the third level is a 

solar thermal system for space heating and domestic hot water supply with a specific collector area of 

0,0667 m²col/m²GFA vacuum tube collectors. The share of the second level 4,9 % and 8,4 % of the third level 

of the construction costs (D2.2). 

 
Figure 12: Residual final energy demand (Final energy demand reduced by solar thermal heat) of heating and domestic 
hot water demand for different solar thermal levels at the reference condition 
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The building has a relatively low designed cooling demand of 0,2 kWh/(m²a). In the first level is a compres-

sor cooling, where the additional cooling unit (3 kWth with a SCOP of 3) is placed inside the building enve-

lope. The other two levels use the boreholes of the ground source heat pumps to operate in free-cooling 
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of the construction costs (D2.2) of the first level was 0,5 %, of the second level 0,2 % and 1,0 % of the 

third level. 

 
Figure 13: Heat losses, cooling demand and internal loads at the reference condition on a monthly basis  

 

2.8.9.  USER BEHAVIOUR  (PARAMETER  9)  

The active and passive technology measures are evaluated with different user behaviour. It shows how the 

building and the integrated components perform under different operation conditions. The three-level of 

user behaviour were listed in Table 17. A distinction was made between level 1 (efficient), level 2 (standard) 

and level 3 (not efficient). As a reference a standard heat demand at 20 °C room temperature (reference) is 

shown in the right figure. The parameter level affects the room temperature, the domestic hot water de-

mand, shading during winter and additional electrical loads and is finally represented by the energy demand. 

The varied parameter levels were summarised in Table 17. The effect on the final energy demand is shown 

in Figure 14.  

 
Figure 14: Annual final energy consumption of each level of the user behaviour and reference conditions 
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2.8.10.  ENERGY TARIF FS (PARAMETER  10)  

The last parameter, energy tariffs are facing the scenarios with different energy prices (electricity, district 

heating cost, PV- remuneration) and the annual increase of the energy prices over the observation period. 

As a baseline for the electricity price, 0,187 û was taken from the CRAVEzero LCC-Tool. This energy price 

was increased and decreased for 0,02 û, which was the difference between the former defined variants. The 

district heating costs were adopted. Table 9 gives a comparison of the used levels supplemented by a refer-

ence case with no increase of the energy costs. 

 
Table 9: Parameter levels of energy tariffs  

LEVEL 1  LEVEL 2  LEVEL 3  REFERENCE  

Electricity costs 0,187 û/kWh 0,207 û/kWh 0,167 û/kWh 0,187 û/kWh 

District heating costs 0,05 û/kWh 0,065 û/kWh 0,035 û/kWh 0,07 û/kWh 

PV Feed-in grid 0,03 kWh 0,03 û/kWh 0,03 û/kWh 0,03 û/kWh 

Increase in electricity costs 1,0 %/a 2,0 %/a 0,5 %/a 0,0 %/a 

Increase in district heating costs 1,0%/a 2,0 %/a 0,5 %/a 0,0 %/a 

Increase in PV feed-in remuneration 1,7 %/a 2,7 %/a 0,7 %/a 0,0 %/a 

 

2.9.  Calculation Results  

2.9.1.  COST CURVES OVER THE LIFE-CYCLE OF BUILDING S 

Based on the developed method and the defined parameters calculations of the energy and cost perfor-

mance of the case study Solallén were performed. This chapter includes the presentation of the most im-

portant results on: 

¶ Energy performance - primary energy demand, CO2 emissions 

¶ Cost efficiency - investment costs, life-cycle costs 

The analysis is performed for each parameter individually and in combination. 

 

The net present value of a building or a specific parametric model is the result of the costs in the individual 

phases of the building life-cycle. In this case, the following costs were considered: 

¶ Planning costs 

¶ Financing costs  

¶ Consumption costs incl. PV own use and PV feed-in 

¶ Operating costs 

¶ Replacement investment 

¶ Residual value 

 

In total, more than 31.000 different variants were calculated. For the results in Figure 15 the energy tariff 

was set to a standard value (reference value), and also the user behaviour was set to standard, which was 

level 3. This resulted in about 2.000 variants. The minimum, average and maximum values of all those vari-

ants were plotted below, indicating the range of the costs in each phase of the building life-cycle. The de-

cline of the net present value is caused by the residual value of the building components, which did not 
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reach the end of their lifespan after the reinvestment. Their residual values are deducted at the end of the 

observation period. 

 
Figure 15: Specific costs (û/mį) in the different phases of the case study Solallén over the whole life-cycle of the build-
ing; range between the different parameters indicated as minimum (min), average and maximum (max) values; percent-
ages represent the deviation from the average (energy tariff standard/ user behaviour standard / without consideration 
of subsidies) 

Figure 16 shows the cost curve for two different variants of the parametric calculations. For the nearly zero-

energy building (nZEB) the variant with the highest net present value was plotted. In comparison to that, 

the variant with the lowest net present value was selected and illustrated. This variant is called 

òCRAVEzeroó. 

The percentages in the figure represent the possible cost reductions of the CRAVEzero variant in compari-

son to the nZEB variant. In this case, 6 % to 9 % reductions in each phase is possible. 
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Figure 16: cost performance (û/mį))of the case study Solallén over the whole life-cycle of the building; comparison of 
nZEB variant with a building according to the CRAVEzero approach and the average value from Figure 15 (energy 
tariff standard/ user behaviour standard / without consideration of subsidies) 

 

2.9.2.  COST EFFICIENCY  

In this Deliverable the financing costs and the net present value (representing the life-cycle costs over the 

whole lifespan) was defined as indicators for the cost efficiency. Figure 17 shows the overall results of the 

case study Solallén. Here the financing costs of all investigated parameters are shown in relation to the 

balanced CO2 emissions. 

òBalancedó in this case means that the self-consumption of the PV system was considered, transferred into 

CO2 emissions (and in further consequence also into primary energy) by the conversion factors for electrici-

ty and then subtracted from the calculated CO2 emissions (respectively primary energy demand). Written as 

a formula, the balanced CO2 emissions were calculated as follows: 

CO2 emissions balanced 
ό

 = 

CO2 emissions  
ό

 - self-consumption of PV  
ό

 x conversion factor of electricity   

 

Figure 17 allows the following short analysis: 

¶ The financing costs range between 2.100 û/m² and 2.500 û/m². This is a range of about 20 %. 

¶ The balanced CO2 emissions range between 14 kg/(m²a) and 52 kg/(m²a). This is a range of about 

70 %. 

Furthermore, the analysis shows that similar financing costs can be achieved by the variants leftmost in the 

diagram and the variants rightmost. With these similar financing costs, the balanced CO2 emission can be 

reduced by nearly 70 %. 
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Figure 17: financing costs (û/(m²)) in relation to the balanced CO2 emissions (kgCO2/ (m²a)) of all variants of the case 
study Solallén (related to the treated floor area of the PHPP / CO2 factors PHI/ without consideration of subsidies). 

 

Looking at the net present value of all calculated parameters in relation to the balanced CO2 emission in 

Figure 18 the results look quite similar: 

¶ The net present value ranges between 3.500 û/m² and 4.000 û/m². This is a range of about 15 %. 

¶ The balanced CO2 emissions range between 14 kg/(m²a) and 52 kg/(m²a). This is a range of about 

70 %. 

 

The difference here is the fact that the lower the balanced CO2 emissions, the lower also the net present 

value. This is the proof that under the given boundary conditions CO2 emission reductions can be achieved 

while reducing the net present value of the building over the whole life-cycle at the same time. 
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Figure 18: net present value (û/m² ) relation to the balanced CO2 emissions (kgCO2/ (m²a)) of all variants of the case study 
Solallén (related to treated floor area of the PHPP / energy tariff standard / user behaviour standard / CO2 factors 
PHI/ w ithout consideration of subsidies / no CO2 credit for electricity fed into the grid). 
 
 

Not shown at this point is the analysis of the financing costs and the net present value in relation to the 

balanced primary energy demand. 

The results look quite similar, achieving primary energy reductions of 66 % between the variant with the 

lowest and the highest balanced primary energy demand (range of 83 kWh/(m²a) to 243 kWh/(m²a)). 

Therefore, no separate presentation was made. 

 

2.9.3.  COMBINING ENERGY PERFORMANCE AND COST EFFI-

CIENCY  

Scatter plots were used to analyse the energy performance in combination with cost efficiency. This was 

done for single technologies and technology combinations. 

 

For every single technology, the net present value was compared to the balanced CO2 emissions and the 

balanced primary energy demand. The results of this analysis are shown in the following figures. 

 

Figure 19 shows the influence of the building envelope on the net present value, the balanced CO2 emission 

and the balanced primary energy demand. The analysis shows that the improvement of the insulation from 

level 1 to level 3 reduces the CO2 emission and primary energy demand only slightly, but results in a higher 

net present value. 

The reason for that is the already improved insulation standard of level 1 wherein further consequence an 

additional improvement does not lead to the desired reductions of CO2 and primary energy. 
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Envelope 

  
Figure 19: analysis of the influence of the building envelope on the net present value, the balanced CO2 emissions (left) 
and the balanced primary energy demand (right) (related to treated floor area of the PHPP / energy tariff standard / 
user behaviour standard / CO2 and PE factors PHI/ without consideration of subsidies / no CO2 or PE credit for 
electricity fed into the grid). 

 

The analysis of the influence of the windows and doors, as well as the airtightness of the building envelope 

in Figure 20, shows in no uncertain manner that the improvement of windows, doors and airtightness 

definitely makes sense. Under the assumed calculation parameters, the improvement leads to reduced CO2 

emissions, primary energy demand and net present value. 

An exception concerns those variants which are heated by district heating. Here, especially with regard to 

the CO2 emissions, there is no potential for savings due to the improved windows, doors and airtightness. 

 

Further investigations of the ventilation in Figure 21 show that the calculated variants are all quite similar 

and show no difference in net present value, CO2 emissions and primary energy demand. That means that 

the expected difference between the three levels cannot be shown by the developed calculation method. 
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Windows Doors Airtightness 

  
Figure 20: analysis of the influence of the quality of the windows and doors as well as of the airtightness of the building 
on the net present value, the balanced CO2 emissions (left) and the balanced primary energy demand (right) (related to 
treated floor area of the PHPP /energy tariff standard / user behaviour standard / CO2 and PE factors PHI/ without 
consideration of subsidies / no CO2 or PE credit for electricity fed into the grid). 

 

Ventilation 

  
Figure 21: analysis of the influence of the ventilation on the net present value, the balanced CO2 emissions (left) and the 
balanced primary energy demand (right) (related to treated floor area of the PHPP / energy tariff standard / user behav-
iour standard / CO2 and PE factors PHI/ without consideration of subsidies / no CO2 or PE credit for electricity fed 
into the grid). 

 

Figure 22 shows the analysis of the different heating systems. Independent of all other parameters the dis-

trict heating system (level 1) achieves the lowest CO2 emissions by far. All investigated heat pump systems 

achieve similar results for the CO2 emissions and the net present value. 

Looking at the balanced primary energy demand the situation is different. Here the district heating is not 

the one with the lowest primary energy demand. Instead the heat pump systems achieve lower values. The 

lowest net present value is achieved by the air source heat pump (level 4). 
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Heating System 

  
Figure 22: analysis of the influence of the heating system of the building on the net present value, the balanced CO2 
emissions (left) and the balanced primary energy demand (right) (related to treated floor area of the PHPP / energy tariff 
standard / user behaviour standard / CO2 and PE factors PHI/ without consideration of subsidies / no CO2 or PE 
credit for electricity fed into the grid). 

 

Cooling 

  
Figure 23: analysis of the influence of the cooling system on the net present value, the balanced CO2 emissions (left) and 
the balanced primary energy demand (right) (related to treated floor area of the PHPP / energy tariff standard / user 
behaviour standard / CO2 and PE factors PHI/ without consideration of subsidies / no CO2 or PE credit for electricity 
fed into the grid). 

 

The influence of the solar thermal system on the calculation results is shown in Figure 24. Looking at the 

balanced CO2 emission on the left side, the results show that a larger solar thermal system (level 3) definitely 

makes sense for all investigated heat pump systems. In this case, the CO2 emissions and the net present 

value can be reduced. For the solar thermal systems in combination with district heating, this statement 

cannot be confirmed as the solar thermal system does not reduce the emission but leads to increased life-

cycle cost. 




























































































