Main formula used in software tool for cost-benefit analysis of energy-efficiency renovation and PV computation tool
For an annual interest rate of j %/y, the monthly interest rate R % is:

The monthly payment P on a loan of value L with monthly interest rate R% for a term of Y years is given by:

The net present value M of these loan repayments, which in this case are spread over a period of T months is then:

where F is a factor based on the discount rate D %, namely:

The amount of loan depends on the costs of energy-efficiency renovation plus PV installation costs, less the property owner’s up-front cash investment in the project.
The investment in the energy-efficiency upgrade incurs opportunity costs.
The net-present value of opportunity costs U (here given in Euros) is given by:

Where Q is the amount of the property owner’s own up-front capital invested in the renovations, DU %/y is the expected annual rate of return for an alternative investment, and Y is the number of years the alternative investment cannot be made (because the money is invested in the renovation),
The net present value Knpv of the total investment cost is therefore:

The average monthly energy cost savings Sm as a result of the energy-efficiency upgrade and PV are given by:

Where V1 and V2 are the actual pre-and post-retrofit consumption (in German “Verbrauch”) in kWh/m2/y, W is the liveable floor area of the building in m2, C is the cost of energy per kWh, and Z is the annual financial gain from PV (on which see below).
The monthly savings ST through reduced carbon taxes, are given by:

where X is the tax rate in €/tCO2, E is the CO2 emissions rate of the energy carrier in kgCO2/kWh, V1 and V2 are pre-and post-retrofit energy consumption (Verbrauch) in kWh/m2/y, and A is the floor area in m2. The tax rate varies according to the energy carrier and the building’s energy efficiency standard. A further set of algorithms integrated into the tool to calculate this and are available upon request.
Again we use the property owner’s discount rate D %/y, giving the factor F, as above. The net present value Snpv of Y years’ worth of energy and tax savings, i.e., 300 months’ worth, is given by:

The above formulae are embedded in the programming code of the cost-benefit tool.
To calculate the gain from PV, the data input is the PV system’s electricity production and the combined households’ electricity consumption, at 15-minute intervals over a fully year. The logic is:
First, the magnitude of full self-consumption is given by: 

where Pn is PV production in time-interval n, Cn is household consumption in time interval n, and Sn is full self-consumption in time-interval n. 
Second, the magnitude of partial self-consumption is given by: 

where Rn is partial self-consumption in time-interval n.
Third, total self-consumption Tn at time-interval n is given by:

Fourth, feed-in to the grid Fn in time-interval n is therefore given by: 

Finally, consumption from the grid Gn in time-interval n is given by:

[bookmark: _Hlk164584429]The net flows for each of the 30,040 time-intervals are recorded on a spreadsheet.  The total flows for the year are given by adding up the results from all 30,040 time-intervals.

